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PREFACE. 

1853 


It  may  appear  strange  that,  in  these  days,  when  the  French 
language  is  almost  as  familiar  to  English  readers  as  their  own, 
I  should  have  spent  many  months  in  rendering  into  English 
a  work  which  presents  no  difficulties  of  language,  and  which 
/is  undoubtedly  known  to  all  philosophical  students.     Seldom 
I  as  Comte's  name  is  mentioned  in  England,  there  is  no  doubt 
in  the  minds  of  students  of  his  great  work  that  most  or  aU 
of  those  who  have  added  substantiaUy  to  our  knowledge  for 
many  years  past  are  fully  acquainted  with  it,  and  are  under 
obligations  to  it  which  they  would  have  thankfully  acknow- 
/  Icdgcd,  but  for  the  fear  of  offending  the  prejudices  of  the 
\  society  in  which  they  live.    Whichever  way  we  look  over  the 
/  whole  field  of  science,  we  see  the  truths  and  ideas  presented 
'  by  Comte  cropping  out  from  the  surface,  and  taddy  reoog- 
I  nized  as  the  foundation  of  all  that  is  systematic  in  our  know- 
\  ledge.    This  being  the  case,  it  may  appear  to  be  a  needless 
labour  to  render  into  our  own  tongue  what  is  clearly  existing 
in  so  many  of  the  minds  which  are  guiding  and  forming  po- 
pular views.     But  it  was  not  without  reason  that  I  undertook 
so  serious  a  laboiur,  while  so  much  work  was  waiting  to  be 
done  which  might  seem  to  be  more  urgent. 
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One  reason,  though  not  the  chief,  was  that  it  seems  to  me 
onfidr,  through  fear  or  indolence,  to  use  the  benefits  conferred 
on  us  fay  M.  Comte  without  acknowledgment.  His  fame  is 
no  doufat  safe.  Such  a  work  as  this  is  sure  of  receiving  due 
honour,  sooner  or  later.  Before  the  end  of  the  centuiy,  so- 
ciety at  large  will  have  become  aware  that  this  work  is  one  of 
the  chief  honours  of  the  centuiy,  and  that  its  author's  name 
will  rank  with  those  of  the  worthies  who  have  illustrated 
former  ages :  hut  it  docs  not  seem  to  me  right  to  assist  in 
dekying  the  recognition  till  the  author  of  so  nofale  a  service 
is  faeyond  the  reach  of  our  gratitude  and  honour :  and  that  it 
is  demoralizing  to  ourselves  to  accept  and  use  such  a  boon  as 
he  has  given  us  in  a  silence  which  is  in  fact  ingratitude.  His 
honours  we  cannot  share :  they  are  his  own  and  incommu- 
nicable. His  trials  we  may  share,  and,  by  sharing,  lighten; 
and  he  has  the  strongest  claim  upon  us  for  sympathy  and 
fellowship  in  any  popular  disrepute  which,  in  this  case,  as  in 
all  cases  of  signal  social  service,  attends  upon  a  first  move- 
ment Such  ^mpathy  and  fellowship  wiU,  I  trust,  be  awa- 
kened and  extended  in  proportion  to  the  spread  among  us  of 
a  popular  knowledge  of  what  M.  Comte  has  done :  and  this 
hope  was  one  reason,  though,  as  I  have  said,  not  the  chief, 
for  my  undertaking  to  reproduce  his  work  in  England  in  a  * 
form  as  popular  as  its  nature  admits. 

A  stronger  reason  was  that  M.  Comte's  work,  in  its  ori- 
ginal form,  docs  no  justice  to  its  importance,  even  in  France; 
.  and  much  less  in  England.     It  is  in  the  form  of  lectures,  the 
I  ddivcry  of  which  was  spread  over  a  long  course  of  years; 
and  this  extension  of  time  necessitated  an  amount  of  recapi- 
tulation very  injurious  to  its  interest  and  philosophical  aspect. 
M.  Comte's  style  is  singular.    It  is  at  the  same  time  rich 
and  diffuse.     Every  sentence  is  full  fraught  with  meaning; 
yet  it  is  overloaded  with  words.    Ilis  scrupulous  honesty  leads 
/  him  to  guard  his  enunciations  with  epithets  so  constantly  re- 
[  peated,  that  though,  to  his  own  mind,  they  are  necessary  m 


I 
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each  individual  instance,  they  become  wearisome,  cspeaaUy 
towards  the  end  of  his  work,  and  lose  their  effect  by  constant 
repetition.  This  practice,  which  might  be  strength  in  a  aeries 
of  instructions  spread  over  twenty  years,  becomes  weakness 
when  those  instructions  are  presented  as  a  whole;  and  it  ap^ 
peared  to  me  worth  while  to  condense  his  work,  if  I  undertook 
nothing  more,  in  order  to  divest  it  of  the  disadvantages  aris- 
ing  from  redundancy  alone.  My  belief  is  that  thus,  if  no> 
thing  more  were  done,  it  might  be  brought  before  the  minds 
of  many  who  would  be  deterred  from  the  study  of  it  by  its 
/bulk.  Wliat  I  have  given  in  these  two  volumes  occupies  in 
'  the  original  six  volumes  averaging  nearly  eight  hundred  pages : 
and  yet  I  believe  it  will  be  found  that  nothing  essential  to 
\  either  statement  or  illustration  is  omitted. 

My  strongest  inducement  to  this  enterprise  was  my  deq^ 
conviction  of  our  need  of  this  book  in  my  own  country,  in  a 
form  which  renders  it  accessible  to  the  largest  number  of  in- 
telligent readers.    We  are  living  in  a  remaikable  time,  when    / 
the  conflict  of  opinions  renders  a  firm  foundation  of  know- 
ledge indispensable,  not  only  to  our  intellectual,  moral,  and 
social  progress,  but  to  our  holding  such  ground  as  we  have 
gidued  from  former  ages.    "Wliile  our  sdenoe  is  split  up  into 
arbitrary  divisions;  while  abstract  and  concrete  science  are 
confounded  together,  and  even  mixed  up  with  their  application 
to  the  arts,  and  with  natural  history ;  and  while  the  researches 
;  of  the  scientific  world  are  presented  as  mere  accretions  to  a 
I  heterogeneous  mass  of  facts,  there  can  be  no  hope  of  a  sde^- 
tific  progress  which  shall  satisfy  and  benefit  those  large  classes 
of  students  whose  business  it  is,  not  to  explore,  but  to  receive. 
;  The  growth  of  a  scientific  taste  among  the  working  classes  of 
'  this  country  is  one  of  the  most  striking  of  the  signs-  of  the 
\  times.     I  believe  no  one  can  inquire  into  the  mode  of  life 
of  young  men  of  the  middle  and  operative  classes  without 
lK*ing  struck  with  the  desire  that  is  shown,  and  the  sacrifieefl 
that  are  made,  to  obtain  the  means  of  scientific  study.    That 
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such  a  disposition  should  be  baffled,  and  sucb  study  rendered 
almost  ineffectual,  by  the  desultory  character  of  scientific  ex- 
position in  England,  wliile  such  a  M'ork  as  Comte's  was  in 
existence^  was  not  to  be  borne,  if  a  year  or  two  of  humble 
toil  could  hdp,  more  or  less,  to  supply  the  need. 

In  dose  coimection  with  this  was  another  of  my  reasons. 
The  supreme  dread  of  every  one  who  cores  for  the  good  of 
nation  or  race  is  that  men  should  be  adrift  for  want  of  an 
anchorage  for  their  convictions.     I  belie^-e  that  no  one  ques- 
tions that  a  very  large  proportion  of  our  people  are  now  so 
adrift.    With  pain  and  fear,  we  see  that  a  multitude,  who 
might  and  should  be  among  the  w^isest  and  best  of  our  citi- 
Ecsns,  arc  alienated  for  ever  from  the  kind  of  faith  which 
sufficed  for  all  in  an  organic  period  which  has  passed  away, 
while  no  one  has  presented  to  them,  and  tliey  cannot  obtain 
for  themselves,  any  ground  of  connction  as  firm  and  clear  as 
that  which  sufficed  for  our  fathers  in  their  day.     The  moral 
dangers  of  such  a  state  of  fluctuation  as  has  thus  arisen  are 
fearful  in  the  extreme,  whether  the  transition  stage  from  one 
order  of  couA-ictions  to  another  be  long  or  short.    The  work 
of  M.  Comte  is  unquestionably  the  greatest  single  effort  that 
has  been  made  to  obviate  this  kind  of  danger ;  and  my  deep 
persuasion  is  that  it  will  be  found  to  retrieve  a  vast  amount 
of  wandering,  of  unsound  speculation,  of  listless  or  reckless 
doubt,  and  of  moral  uncertainty  and  depression.     Wliatcver 
else  may  be  thought  of  the  work,  it  will  not  be  denied  that  it 
ascertains  witli  singular  sagacity  and  soundness  the  founda- 
tions of  human  kncuvledgc,  and  its  true  object  and  scope;  and 
tlut  it  establishes  the  true  filiation  of  the   sciences  within 
the  boundaries  of  its  own  principle.     Some  may  wish  to  in- 
teqx)late  this  or  that;  some  to  amplify,  and  perhaps,  here 
and  there,  in  the  most  objure  recesses  of  the  great  edifice, 
to  transjxise,  more  or  less :  but  any  who  question  the  general 
soundness  of  the  ex})osition,  or  of  the  i*elations  of  its  parts, 
are  of  another  school,  and  will  simply  neglect  the  book,  and 
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/  occupy  tlicmselvcs'  ad  if  it  liad  never  existed.     It  is  not  for  ^ 
I  such  that  I  have  been  working,  but  for  studentg  who  are  not 
[  schoolmen ;  avIio  need  eonnction^  and  must  best  know  when 
(  their  need  is  satisfied.     When  this  exposition  of  Positive  Phi- 
[  losophy  unfolds  itself  in  order  before  their  eyes,  they  will^  I 
i  am  persuaded^  find  there  at  least  a  resting-place  for  their 
1  thought^ — a  rallying-point  of  their  scattered  speculations, — 
1  and  possibly  an  immoveable  basis  for  their  intellectual  and      j 
^  moral  comietions.    Tlic  time  will  come  when  the  book  itself"" 
will,  for  a  while,  be  most  discussed  on  account  of  the  dcfi-' 
ciencics  which  M.  Comtc  himself  presses  on  our  notice ;  and 
when  his  philosophy  will  sustain  amplifications  of  which  he 
himself  does  not  dream.     It  must  be  so,  in  the  inentable 
growth  of  knowledge  and  evolution  of  philosophy;  and  it  is 
the  fate  which  the  philosopher  himself  should  covet,  because 
it  is  only  a  true  book  tliat  could  sunive  to  be  so  treated: 
j  but,  in  the  meantime,  it  gives  us  the  basis  that  we  demand, 
I  and  the  principle  of  action  that  we  want,  and  as  much  in- 
struction in  the  procedure,  and  information  as  to  what  has 
been  already  achieved,  as  could  be  given  in  our  time; — ^per- 
haps more  than  could  have  been  given  by  any  other  mind 
of  oiur  time.    Even  Mathematics  is  here  first  constituted  a" 
science,  venerable  and  unquestionable  as  mathematical  truths 
s  have  been  for  ages  past :  and  we  arc  led  on,  tracing  as  we  go 
/  the  clear  genealogy  of  the  sciences,  till  we  find  oursdves 
I  among  the  elements  of  Social  science,  as  yet  too  crude  and     / 
i  confused  to  be  established,  likQ  the  others,  by  a  renew  of 
what  had  before  been  achieved;  but  now,  by  the  hand  of  our 
,  master,  discriminated,  arranged,  and  consolidated,  so  as  to  be 
ready  to  fulfil  the  conditions  of  true  science  as  future  genera- 
tions bring  their  contributions  of  knowledge  and  expericnoe 
to  build  upon  the  foundation  here  laid.     A  thorough  fami- 
liarity with  the  work  in  which  all  this  is  done  would  avail 
more  to  extinguish  the  anarchy  of  popular  and  sectional  opi- 
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nion  in  this  oountiy  tlian  any  other  influence  that  has  yet 
•been  exerted,  or,  I  believe,  proposed. 

It  was  under  such  convictions  as  tlicse  that  I  began,  in  the 
spring  of  1851,  the  analysis  of  this  work,  in  preparation  for 
a  translation.  A  few  months  afterwards,  an  unexpected  aid 
presented  itself.  My  purpose  was  related  to  the  late  Mr. 
Lombe,  who  was  then  residing  at  Florence.  He  was  a  per- 
fect stranger  to  me.  He  told  me,  in  a  subsequent  letter, 
that  he  Iiad  wished,  for  many  years,  to  do  what  I  was  then 
attempting,  and  had  been  prevented  only  by  ill  health.  My 
estimate  of  M.  Comte's  work,  aud  my  expectations  from  its 
introduction  into  England  in  the  form  of  a  condensed  transla- 
tion, were  fully  shared  by  him ;  and,  to  my  utter  amazement, 
he  sent  me,  as  the  first  act  of  our  correspondence,  an  order 
on  his  bankers  for  j£500.  There  was  time,  before  his  la- 
mented death,  for  me  to  communicate  to  him  my  ^lews  as  to 
the  disposal  of  this  money,  and  to  obtain  the  assurance  of  his 
approbation.  We  planned  that  the  larger  proportion  of  it 
should  be  expended  in  getting  out  the  work,  and  promoting 
its  circulation.  The  last  words  of  his  last  letter  were  an  en- 
treaty that  I  would  let  him  know  if  more  money  would,  in 
any  way,  improve  the  quality  of  my  version,  or  aid  the  pro- 
mulgation of  the  book.  It  was  a  matter  of  deep  concern  to 
me  that  he  died  before  I  could  obtain  his  opinion  as  to  the 
manner  in  which  I  was  doing  my  work.  All  that  remained 
was  to  carry  out  his  wishes  as  far  as  possible;  and  to  do  this, 
no  pains  have  been  spared  by  myself,  or  by  Mr.  Chapman, 
who  gave  him  the  information  that  called  forth  his  bouijty. 

As  to  the  method  I  Iiave  pursued  Mnih  my  work, — there 
will  be  diflercnt  opinions  about  it,  of  course.  Some  will  viish 
tliat  there  had  been  no  omissions,  while  others  would  have 
complained  of  length  and  heaviness,  if  I  had  oflercd  a  com- 
plete translation.  Some  will  ask  why  it  is  not  a  close  ver- 
sion as  far  as  it  goes ;  and  others,  I  have  reason  to  believe. 
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would  have  preferred  a  brief  account,  out  of  my  own  mind^  of 
what  Comte's  philosophy  is,  accompanied  by  illustrations  of 
my  own  devising^    A  wider  expectation  seems  to  be  that  I 
should  record  my  own  dissent,  and  that  of  some  critics  of 
much  more  weight,  from  certain  of  M.  Comte's  views.     I 
thought  long  and  anxioiisly  of  this;  and  I  was  not  insensible 
to  the  temptation  of  entering  my  protest,  here  and  there, 
against  a  statement,  a  conclusion,  or  a  method  of  treatment. 
I  should  have  been  better  satisfied  still  to  have  adduced  some 
critical  opinions  of  much  higher  value  than  any  of  mine  can 
be.    But  my  deliberate  conclusion  was  that  this  was  not  the 
place  nor  the  occasion  for  any  such  controversy.    What  I  en- 
gaged to  do  was  to  present  M.  Comte's  first  great  work  in  a 
useful  form  for  English  study :  and  it  appears  to  me  that  it 
would  be  presumptuous  to  thrust  in  my  own  criticisms,  and 
out  of  place  to  insert  those  of  others.  Tliose  others  can  speak 
for  themselves,  and  the  readers  of  the  book  can  criticize  it 
for  themselves.     No  doubt,  they  may  be  trusted  not  to  mis- 
take my  silence  for  assent,  nor  to  charge  me  with  neglect  of 
such  criticism  as  tlie  work  has  already  evoked  in  this  country. 
While  I  have  omitted  some  pages  of  the  Author's  comments 
on  French  affairs,  I  have  not  attempted  to  alter  his  French 
ricw  of  European  politics.     In  short,  I  have  endeavoured  to 
bring  ^f .  Comte  and  his  English  readers  face  to  face,  irith  as 
little  drawback  as  possible  from  intervention. 

This  by  no  means  implies  that  the  translation  is  a  dose 
one.  It  is  a  very  free  translation.  It  is  more  a  condensation 
than  an  abridgment :  but  it  is  an  abridgment  too.  My  ob- 
ject was  to  convey  the  meaning  of  the  original  in  the  dearest 
way  I  could ;  and  to  this  all  other  considerations  were  made 
to  yield,  Tlie  serious  riew  that  I  have  taken  of  my  enter- 
prise is  proved  by  the  amount  of  labour  and  of  pecuniary 
sacrifice  that  I  have  devoted  to  my  task.  Where  I  have  erred, 
it  is  from  want  of  ability ;  for  I  have  taken  all  the  pains  I 
could. 
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One  suggestion  that  I  made  to  Mr.  Lombe,  and  that  he 
^  approved^  was  that  the  three  sections — Mathematics^  Astro- 
nomy^ and  Fliyacs — sliould  be  revised  by  a  qualified  man  of 
science.     My  personal  friend  Professor  Nichol,  of  Glasgow, 
was  kind  enough  to  undertake  this  service.   After  two  careful 
readings,  he  suggested  nothing  material  in  the  way  of  altera- 
tion, in  the  case  of  the  first  two  sections,  except  the  omission  of 
Comte's  speculation  on  the  possible  mathematical  verification 
of  Laplace's  Cosmogony.    But  more  had  to  be  done  \rith  re- 
gard to  the  treatment  of  Physics.     Every  reader  will  see  that  i 
that  section  is  the  weakest  part  of  the  book,  in  regard  both  to] 
the  organization  and  the  details  of  the  subject.     In  regard  tof 
the  first,  the  author  explains  the  fact,  from  the  nature  of  the\ 
case, — ^that  Physics  is  rather  a  repository  of  somewhat  frag-  j 
mentaiy  portions  of  physical  science,  the  correlation  of  which 
is  not  yet  clear,  than  a  single  circumscribed  science.    And  we  I  . 
must  say  for  liim,  in  regard  to  the  other  kind  of  imperfection,* 
that  such  advances  have  been  made  in  almost  e\'ery  depart- 1' 
meut  of  Physics  since  his  second  volume  was  published,  thatj  j 
it  would  be  mifair  to  present  what  he  vrrote  under  that  head! 
in  1835  as  what  he  would  have  to  say  now.     The  choice  layr 
therefore  between  almost  re-writing  this  portion  of  M.  Comte's 
work,  or  so  largely  abridging  it  that  only  a  skeleton  present- 
ment of  general  principles  should  remain.    But  as  the  system; 
of  Positive  Philosophy  is  much  less  an  Expository  tiAn  a  Cri-  \ 
tical  work,  the  latter  alternative  alone  seemed  opcL  under  , 
due  consideration  of  justice  to  the  Author.    I  have  1  adopted  / 
therefore  the  plan  of  extensive  oniissions.  and  have  Ixftained  ! 
the  few  short  memoranda  in  which  Professor  Nichol  si^csted  | 
these,  as  notes.    Although  this  gentleman  has  swAioned  my 
presentment  of  Comte's  chapters  on  Matliomlitics  und  Phy- 
sics, it  must  not  be  inferred  that  he  agrees  with  hi^Iethod 
in  ^lental  Philosophy,  or  assents  to  other  conclusions  held 
of  main  importance  by  the  disciples  of  the  Positive  rhiloso- 
phy.    Tlie  contrary,  indeed,  is  so  apparent  in  the  tcnoiur  of 
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his  own  writings,  tbat  so  far  as  his  numerous  readers  are 
eoneerucd,  this  remark  need  not  have  been  offered.  With  the 
reservation  I  have  made^  I  am  bound  to  take  the  entire  re- 
sponsibility,— ^the  Work  being  absolutely  and  wholly  my  own. 

It  will  be  observed  that  M.  Comte's  later  works  are  not  re- 
ferred to  in  any  part  of  this  book.  It  appears  to  me  that 
they,  like  our  English  critieisras  on  the  present  Work^  had 
better  be  treated  of  separately.  Here  his  analytical  genius 
has  full  seope ;  and  what  there  is  of  synthesis  is,  in  regard  to 
soeial  scienee,  merely  what  is  necessary  to  render  his  analyas 
possible  and  available.  For  various  reasons,  I  think  it  best 
to  stop  here,  feeling  assured  that  if  this  Work  fulfils  its 
function,  all  else  with  wliich  ^I.  Comte  has  thought  fit  to 
follow  it  up  will  be  obtained  as  it  is  demanded.  ^ 

During  the  whole  course  of  my  long  task^  it  has  appeared 
to  me  that  Comte's  work  is  the  strongest  embodied  rebuke 
ever  given  to  that  form  of  thcolc^cal  intolerance  which  cen- 
sures Positive  Philosophy  for  pride  of  reason  and  lowness  of 
morals.  The  imputation  will  not  be  dropped,  and  the  ennuiy 
of  the  religious  world  to  the  book  will  not  slacken  for  its  ap- 
pearing among  us  in  an  English  version.  It  cannot  be  other- 
wise. The  theological  world  cannot  but  hate  a  book  wlueh 
treats  of  theological  belief  as  a  transient  state  of  the  human  I 
mind.  And  again,  the  preachers  and  teachers,  of  all  sects  ^ 
and  schools,  who  keep  to  the  ancient  practice,  once  inevit- 
able, of  contemplating  and  judging  of  the  universe  from  the 
point  of  view  of  their  own  minds,  instead  of  having  learned 
to  take  their  stand  out  of  themselves,  investigating  from  the 
universe  inwards,  and  not  from  within  outwards,  must  neces- 
sarily tliink  ill  of  a  work  which  cxix)ses  the  futility  of  their 
method,  and  the  worthlessness  of  the  results  to  which  it 

(leads.     As  M.  Comte  treats  of  theology  and  metaphysics 
as  destined  to  pass  away,  theologians  and  metaphysicians 
.  must  necessarily  abhor,  dread,  and  despise  his  w*ork.    They 
merely  express  their  own  natural  feelings  on  behalf  of  the    / 
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objects  of  their  rerercnce  and  the  purpose  of  their  lives, 
when  they  charge  Positive  Philosophy  irith  irreverence,  lack 
/of  aspiration,  hardness,  deficiency  of  grace  and  beauty,  and 
(^so  on.  They  are  no  judges  of  the  case.  Those  who  are — 
those  who  have  passed  through  theology  and  metaphysics, 
and,  finding  what  they  are  now  worth,  have  risen  above  them 
— ^win  pronounce  a  very  diflercnt  judgment  on  the  contents  of 
this  book,  though  no  appeal  for  such  a  judgment  is  made  in  it, 
and  this  kind  of  discussion  is  nowhere  expressly  provided  for. 
To  those  who  have  learned  the  diflicult  task  of  postponing 
dreams  to  realties  till  the  beauty  of  reality  is  seen  in  its  full 
disclosure,  while  that  of  dreams  melts  into  darkness,  the 
moral  charm  of  this  woik  wOl  be  as  impressive  as  its  intellcc- 
>  tual  satisfactions.  The  aspect  in  which  it  presents  Man  is  as 
!  favourable  to  his  moral  discipline,  as  it  is  fresh  and  stimulating 
to*  his  intellectual  taste.  "We  find  ourseh-es  suddenly  living 
and  moving  in  the  midst  of  the  universe, — ^as  a  part  of  it,  and 
not  as  its  aim  and  object  We  find  ourselves  living,  not  under 
capridous  and  arbitrary  conditions,  unconnected  with  the 
constitution  and  movements  of  the  whole,  but  under  great, 
general,  invariable  laws,  which  operate  on  us  as  a  part  of  the 
whole.  Certainly,  I  can  conociv^  of  no  instruction  so  fa^*our- 
able  to  aspiration  as  that  which  shows  us  how  great  are  our 
faculties,  how  small  our  knowledge,  how  sublime  the  heights 
which  we  may  hope  to  attain,  and  how  boundless  an  infinity 
may  be  assumed  to  spread  out  beyond.  We  find  here  indica- 
tions in  passing  of  the  evils  we  suflcr  from  our  low  aims,  our 
selfish  passions,  and  our  proud  ignorance;  and  in  contrast 
with  them,  animating  displays  of  the  beauty  and  glory  of  the 
everlasting  laws,  and  of  the  sweet  serenity,  lofty  courage,  and 
noble  resignation  that  are  the  natural  consequence  of  pursuits 
so  pure,  and  aims  so  true,  as  those  of  Positive  Philosophy. 
Pride  of  intellect  surely  abides  ^ith  those  who  insist  on  belief 
without  evidence  and  on  a  philosophy  derived  from  their  own 
intellectual  action,  without  material  and  corroboration  firom 
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withoat,  and  not  with  those  irho  arc  too  scmpnlout  and  too 
humble  to  transcend  evidence,  and  to  add,  out  of  th^  own 
imaginations,  to  that  which  is,  and  may  be,  referred  to  other 
judgments.   If  it  be  dcmred  to  extinguish  presumption,  to  draw 
away  finom  low  aims,  to  fill  life  with  worthy  occupations  and 
elevating  pleasures,  and  to  raise  human  hope  and  human  effort 
to  the  highest  attainable  point,  it  seems  to  me  that   the 
best  resource  is  the  pursuit  of  Positive  Philosophy,  with  its 
train  of  noble  truths  and  irresistible  inducemimts.    The  pros- 
I  pccts  it  opens  are  boimdless ;  for  among  the  laws  it  establishes 
:  that  of  human  progress  is  conspicuous.    The  virtues  it  fosters 
are  all  those  of  whidi  ^lan  is  capable;  and  the  noblest  are 
those  which  are  more  eminently  fostered.    The  habit  of  truth- 
seeking  and  truth-speaking,  and  of  true  dealing  with  self  and 
with  all  things,  is  evidently  a  primary  requisite;  and  this  habit 
once  perfected,  the  natural  conscience,  thus  disdpliued,  will 
train  up  all  other  moral  attributes  to  some  equality  with  it. 
I  To  all  who  know  what  the  study  of  philosophy  really  is, — 
I  which  means  the  study  of  Positive  Philosophy, — its  effect  on 
human  aspiration  and  human  discipline  is  so  plain  that  any 
doubt  can  be  explained  only  on  the  supposition  that  accusers 
do  not  know  what  it  is  that  they  axe  calling  in  question.    My 
hope  is  that  this  Ixwk  may  achieve,  besides  the  purposes  en-^^ 
tertained  by  its  author,  the  one  more  that  he  did  not  intend, 
of  conveying  a  sufficient  rebuke  to  those  who,  in  theological 
selfishness  or  metaphysical  pride,  speak  evil  of  a  philosophy 
which  is  too  lofty  and  too  simple,  too  humble  and  too  gcne- 
^  rous,  for  the  habit  of  their  minds.    The  case  is  dear.    The 
:  law  of  progress  is  conspicuously  at  work  throughout  human 
I  history.     Tlie  only  field  of  progress  is  now  that  of  Positive 
Philosophy,  under  whatever  name  it  may  be  known  to  the  real 
students  of  every  sect ;  and  therefore  must  that  philosophy  be 
favourable  to  those  virtues  whose  repression  would  be  boom-    i 
patible  M-ith  progress. 
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INTRODUCTION. 
CHAPTER  I. 

ACCOUNT  OP  THE  AIM  OP  TIHS  WORK.— VIEW  OF  THE  NA- 
TUEB  AND  niPOBTANCE  OF  TIIE  POSITIVE  PniLOSOPHY. 

A  GENERiLL  statement  of  any  sTstem  of  philosophy  may  be 
either  a  sketch  of  a  doctrine  tp.be  established^  or  a  summaiy 
of  a  doctrine  already  established.  If  greater  value  belongs  to 
the  last^  the  firsiis  still  important^  as  characterizing  firom  its 
origin  the  subject  to  be  treated.  In  a  case  like  the  present, 
where  the  proposed  study  is  vast  and  hitherto  indeterminate^ 
it  is  especially  important  that  the  field  of  research  should  be 
marked  out  with  all  possible  aocurac^p^.  For  this  purpose,  I 
will  glance  at  the  considerations  which  have  originated  this 
work,  and  which  will  be  fully  elaborated  in  the  course  of  it.  _,  -^ 

In  order  to  understand  the  true  value  and  character  of  the 
Positive  Philosophy,  we  must  take  a  brief  general  view  of  the 

!>rc^ressive  course  of  the  human  mind,,  regardod^aa  a  trlin1i>; 
or  no  conception  can  be  understood  .othenvise.  than  throu^rh 
itsjhistory^  _^ 

From  the  study  of  the  development  of  human 
intelligence,  in  all  directions,  and  through  all   zJJ^'™" 
times,  the  discovery  arises  of  a  great  fmidamen-   ^^*^ 
tal  law,  to  which  it  is  necessarily  subject,  and  which  has  a 
solid  foundation  of  proof,  both  in  the  facts  of  our  organisation 
and  in  our  historical  experience.    The  law  is  this : — ^that  each  *~] 
VOL.  I.  '     '  '   '        m     ^ 
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of  our  leading  conceptions, — each  bniiich  of  our  knowledge. 
— -iififera  aiicccasiYelv  tliroujyil  thrpc  flifTniynt  tncorctl<al 'fcon» 


methods  of  ])hilpsoi)hizing^  the  character  of  which  is  essct 
tially  dificrcuty  aiiu  even  radically  opposed :  \iz,,  the  theok    . 
gical  method,  the  metaphysical,  and  the  positive.    Hence  aris 
three  philosophies,  or  general  systems  of  conceptions  on  th 
aggregate  of  phenomena,  each  of  which  excludes  the  othen 
The  iii*st  is  the  necessary  point  of  departmre  of  the  humai 
undei*standing;  and  the  thij'd  is  its  fixed  and  definitive  state. 
Tlie  second  is  merely  a  state  of  transition. 

In  the  theological  state,  the  hiunan  mind,  sock- 
"**   **g^-   iiig  the  essential  nature  of  beings,  the  fijret  and 
final  caiiscs  (the  origin^  and  purpose)  of  all  eflects, — ^in  short, 
Aligolutc  kuoivlodge, — supposes  all  phenomena  to  be  produced 
by  the  immediate  action  of  supeniatiuid  beings. 
I  *  S^oiid  stace.        ^^  ^^^  metaphysical  state,  which  is  only  a  mo- 

,         k  *         dificatiou  of  the  first^^  the  mind  supposes,  instead 

\  of  suix^niatural  beings,  ^}3sti*act  forces;  ventaGle  entities  (that 

;  .       is,  pei*80uificd  al)sti*actious)jnhcrcnt  in  all  beings^ jud. capable 

i  ^CP^^^^^'^f'iyg.  ^]  phenomena.     TThat  is  callcd'tlie  explanation 

j  of  phenomena  is,  m  this  stage,  a  mere  reference  of  each  to  its 

prdpcTcntity']**'* 
Third  itaec        ^"  ^'^^  finvl,  the  positive  state,  the  mind  has 
'  1      agp.    gj^.j»^j  ^^.^^  thc^vain  search  after  Absolute,  notions, 

the  origin  and  dcstinatiolTof  the  .universe* .aud_thc  abuses  of 
]ihcnomena,^an(r  applies  itself  to  the  study  of  their  laws, — that 
is,  their  invafiablc  relations'  orTiiccession  and  resemblance. 
Reasoning  and  observation,  duly  combined,  are  the  means  of 
this  knowledge.  What  is  now  understood  when  we  speak  of 
an  explanation  of  facts  is  simply  the  establishment  of  a  con- 
nection bctAvccn  single  phenomena  and  some  general  facts,  thc^ 
number  of  which  continually  diminishes  with  the  progress  of 
srienoe. 
""^  The  Tlieological  system  arrived  at  the  highest 

ritiiijtopomt  j^rfcrtjon  of  which  it  is  caimbk?  when  it  substi- 
tutecl  the  prondcntial  action  c5f  a  8inglc_J5emg 
for  the  varied  oix^rations  of  the  numerous  aivmitius  which 
had  iKCn  bcftm? "imagrnccT.  I'lTlTio' same' way,  iix" the  last 
stage  of  the  Metaphysical  system^  men  substitutc.oiie.  great 
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M 

**    '     ^       ''  !• -«    1 instead  of  tlie 

;lie  samcrway, 
system  would  i 

te  (itiucli  pcrtcction  could  be  hoped  for)  to  represent  all  phe«/  J-^  • 
y *i^^  as  particular  a,spects  of  a  single  gcnenSn^f^^fehy  ' 
^tM^yltp^^^^rf^fV^ft^l^^  /K  -^ 

. 'iTie  importance  of  the  working  of  this  general  law  will  be 
cs^blishcd  hereafter.    At  present,  it  must  suffice  to  point  out'\ 
some  of-thc  grounds  of'it.  ^ 

There  isTto  science  which,^lianng  attained  the                 ^        1 
positive  stage,  docs  not  bear  marks  of  having  jKisscd   y^^J^ 
through  the  others.  Soinc  time  since  it  was  (what-             *  ji 

ever  it  might  be)  composed,  as  we  can  now  perceive,  of  meta- 
physical abstractions ;  and,  further  back  in  the  course  of  time, 
it  took  its  form  from  theological  conceptions.  We  .  ^^ 
shall  have  only  too  much  occasion  to  see,  as_jEC 
proceed,  that  our  most  advanccd..scicnces  still  l)car  very  evi- 
dent marks  of  the  two  earlier  periods  through  wliich  they  luive 
passed.  . 

The  progress  of  the  indindual  mind  is  not  only  an  illustra-  "7 
tion,  but  an  indirect  evidence  of  that  of  the  general  mind. 
The  |X)int  of  departure  of  the  indi>'idual  and  of  the  XPXifL  being 
the  same,  the  phases  of  the  mind  of  a  man  correspond  to  the 
oi>ochs  of  the  mind  of  the  race.  Now,  each  of  us  is  aware, 
if  KcToiSKsTJaok  ujion  his  own  history,  that  he  was  a  theolo- 
gian  in  his  childhood,  a  mctanhysician  in  his  youth,  and  a 
naturaKphilosoplier  In  his  maiuiood.  AH  men  mIio  are  up  to  ^ 
then*  age  can  verify  this  for  themselves. 

Besides  the  obsenation  of  facts,  we  Jj^ave  jtheoretical  reasons 
in  si^port  of  this  law.  I  j 

,     The  most  imiK)rtant  of  these  reasons  arises  from  |4i,corcti««L       * — 1 
the  necessity  tliat  "always  exists  for  some  tlieorv  to  ft  f 
which' to  refer  our  facts,  combined  witimTc  .clear  impossibility 
that,  at  ^hc  outset  of  human  knowledge,  men  could  have  formed 
thcoriesoutof  the  olisonation  of  facts.  ^All  good  intellects  have  '^/ 

lodge  butjhat  which  is  based  on  oliscrved  facta'.  ^Tlii^  i^jn^n^/  \ 
foQffiM^"^  y^x'^jy^  j^iy^nt  ndvnurpil  ^i^irji^ ;  hut ,  if  wo  Innlf  TmnV  tft         \ 

the  primitive  stage  of  human  knowledge,  we  shall  sec  that  it        \ 
must  have  been  othcrriise  then.    Tf  it  is  tni^  thnf  cx-inj  ♦^^fi^^        j 

cannot  be  obseiTcd  yfithnnt  thi»  giii<1once  of  some  theory,    ^ 

B  #6 
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/"Without  such  guidance,  our  facts  irould  be 
f  fruitless;  we  coi:dd  not  retain  them:  for  the 
\could  not  even  pcroeiTe  them. 

Thus,  between  the  necessitv  of  o^rr^g  ^"^m  '"  ^of?^  ^^  ^ 
I  form  a  tkeqryj  and  hg\Tng  a  theory  mgrdei^o^^    ^H^ 
;  ine  human  mindwould  have  beenentanjyled  in  a  viciouacirck 


y 
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uv  Theological  cohccnp  { 

I  iions.    xnis  is  the nmdamcntal  reason  tor  the. theological dm^^ 
/  racter  of  the  jpnni^liyc  philosophy.    This  neccsidty  is  confirmed 
B^rtCe^perfect  suitability  of  the  theological  philosophy  to  the 
earliest  researches  of  the  human  mind.    It  is  rcmarKaule  that 
the  most  inaccessible  questions^-;— those  of  the  nature  of  be- 
ings^ and  the  origin  and  purpose  of  phenomena, — should  be  the 
first  to  occur  in  a  primitive  state/whlle  those  whidi  are  really 
within  our  reach  are'rq^rdcd  as  almost  unworthy  of  serious 
study.    The  rcas<m  is  evident  enough ; — ^that  f^x^wntmrfiL  nlnuft 
can  tcact^  us  ihe  measure  at  our  powers ;  and  if  men  had  not 
tegun  by  an  cxaggontfrA  t^s^u^^fj^  nf  ylmt  thev  can  do^  they 
w<Miid  never  have  done  all  that  they  are  capable  ok,    Uu£or- 
ganization  remnrra  this.    At  such  a  neriod  there  could  have 
been  no  rco^tioii  of  a  positive  philosophy,  whose  function  is 
to  discover  the  laws  of  phenomena,  and  whose  leading  cha- 
1  racteristic  it  is  to  regstrd  as  interdicted  to  human  reason  those 
;  sublime  mysteries  which  theology  explains,  even  to  their  mi- 
nutest details,  with  the  most  attractive  fiEu^ty.    It  is  just  so 
under  a  practical  view  of  the  nature  of  the  researches  with 
wliich  men  first  occupied  themselves.     Suc^JnQmries  ofiered 
the  nowarfiil  charm  of  unlimited  empire  over  the^Sfemal 
worm,-— alJ'orlH'^cstincd  ^flioHy  fejFoi^^^      andjnvo&ed  in 
every  way  with  ^our^  existence. JI^^ 
(  pyesenting  this  view,  administered  exactly  the  stimulus  neces- 
.  sary  to  mcitcThe  humait  mind.  tg.die JrVsome Jalkmcjvnthout 
.  which  it  could  make  no  progress.    We  can  now  scarcely  con- 
ceive of  such  a  state 'of'^nngs,  our  reason  hanng  become 
sufficiently  mature  to  enter  upon  laboridus^scientific  researches, 
without  needing  any  such  stimulus  as  wrought  uiK>n  the  imagi- 
uftiions  of  astrologers  and  alchemists.  We  nave  motive  enough 
in  the  hope  of  di6CO\'ering  the  laws  of  phenomena,  with  a  view 
to  the  confirmation  or  rejection  of  a  theory.    But  it  could  not 
be  so  in  the  earliest  days;  and  it  is  to  the  chimeras  of  astro- 
logT  and  alchemy  that  we  owe  the  long  series  of  observations 
and  experiments  on  which  our  positive  science  is  based. 
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Kepler  felt  this  on  behalf  of  astronomy^  and  Berthollet  on  be- 
half of  chemistrj.  Thus  was  a  spontaneous  philosophy^  the 
theological^  the  only  possible  bcgmning,  method^  and  provi- 
sional system^  out  of  which  the  Positive  philosophy  could  grow. 
It  is  easy^  after  this^  to  perceive  how  ISIetaphysical  methods 
and  doctrines  must  have  i^ordcd  the  means  of  transition  from 
the  one  to  the  other. 

The  human  understanding,  slow  in  its  advance,  coidd  not 
step  at  once  from  the  theological  into  the  positive  philosophy. 
The  two  are  so  radically  opposed,  tliat  an  intermediate  sy- 
stem of  conceptions  has  been  necessary  to  render  the  transi- 
tion possible.  It  is  only  in  doing  this,  that  Metaphysical  con- 
ceptions have  any  utility' *whatevcr/7»lHi  poiitemplating^jphe- 
nomcna^  men  substitute  for  supenaatural^ dii^ipn-a,  cpne- 
sponding  entity.  Tins  entity  may  have  been  supposedto  be 
derived  from  the  "supernaturaTaclionX  jbut  it .  is.  mpce.  Jl^eidily 
lost  sight  of,  Icanng  attention  free  for  the. facts  theiugcJLves, 
till,  at  length,  metaphysical  agents  have  ceased  tplBeanything 
morethan  the'al^tract  names  of  phenomena.  It  is  not  easy 
to  say  by  what  other  process  than  this  our  minds  could  have 
passed  from  supernatural  considerations  to  natural ;  from  the  / 
theological  system  to  the  positive.  "•""'^ 

The  Law  of  human  development  being  thus  established,  let 
us  consider  what  is  the  proper  nature  of  the  Positive  Philo- 


Aib  VA  have  seen,  the  fig|t^nJlm»rt«iiriir  nf  ihe   Charecter  of     ~7 
PofliAive  Philosophy  is  that  it  rq^iiirfln  nH  pjhiWin     vh^^^^ 
mena  as  sulijected  to  invanable  natural  .L^#.         o»op»y« 
Our  business  is, — seeing'  how  vain  is  aiiy" research  into  what 
are  called  Causes,  whether  first  or  final, — tqjgnrsue  an  accu- 
rate discovery  of  these  Laws,  with  a,>iew_  tp  reducing  tn^m 
to  the  smallcsTpossible  nuinl^.   Uy  speculating  upon  causes, 
we  could  solve  no  difficulty  about  origin  and  purpose.-  Our 
real  businen  is  to  analyse  accurately  the  circumstances  of 
phenomena^  and  to  connect  them  by  the  natural  relations 
of  succession  and  resemblance.     The  best  illustration  of  this 
is  in  the  case  of  the  doctrine  of  Gravitation.     We  say  that 
tlie  genml  rfMaiouicna  of  the  tmivewejare  ettpktined  by^it, 
1)ccau8c  ir*  connects  under  one  head  tKe  ^vhoTe  mimense  va- 
riety of  astronomical  facts;  exhibiting  the  constant  tendency  ^\ 
of  atoms  towards  each  other  in  direct  proportion  to  their 
masses,  and  in  inverse  proportion  to  the  squares  of  their 
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dintanceB ;  whilst  the  general  fact  itself  is  a  mere  extension   ' 
of  one  which  is  perfi^ctly  familiar  to  us,  and  which  we  there- 
^  fore  say  that  we  know; — ^the  weight  of  bodies  on  the  surfinoe 
'^  of  the  earth.     As^to  what  weight  and  attraction  are,  we 
banre  nothing  to  do  wiiK  fliat/fbr  it  is  not  a  matter  of  know- 
^  le^^TO^atjaD/    Thcolc^ians  and  metaphysicians  may  imagine 
ana  refine  about  such  questions ;  but  positive  philosophy  re- 
jects them.     "When  any  attempt  has  been  made  to  explain 
them,  it  has  ended  only  in  saying  that  attraction  is  universal 
j  weighty  and  that  weight  is  terrestrial  attraction:   that  is, 

that  the  two  orders  of  phenomena  are  identical ;  which  is  the 
pcnnt  fipom  which  the  question  set  out.     Again,  M.  Fourier, 
I  in  his  fine  series  of  researches  on  Heat,  has  given  us  all  the 

most  important  and  precise  laws  of  the  phenomena  of  heat, 
\    and  many  large  and  new  truths,  without  once  inquiring  into 
its  nature,  as  his  predecessors  had  done  when  thOT  disputed 
^  about  calorific  matter  and  the  action  of  an  universal  ether.  In 
^~  treating  his  subject  in  the  Podti^-e  method,  he  finds  inexliaust- 
ible  material  for  all  his  activity  of  research,  without  betaking 
himself  to  insoluble  questions. 

Hiftoiy  of  the '  Before  ascertaining  the  stage  which  the  Positive 
PositiTe  Phi-  Philosophy  has  reached,  we  must  bear  in  mind 
^om]^.  f\^^  t]ig  dificrcnt  kinds  of  our  knowledge  have 

passed  through  the  tlurce  stages  of  progress  at  different  rates, 
and  have  not  therefore  arrived  at  tne  same  time.  The  rate 
of  advance  depends  on  the  nature  of  the  knowledge  iif  ques- 

(tioii,  sodistinctly  that,' as  we  shall  see  hereafter,. this  consi- 
deration  c6ni&tut(»  an  accessary  to  the  fundamental  law  of 
f  progress.  'Any  kind  of  knowledge  reaches  the  positive  stage 
I  early  in  proportion  to  its  gcneraSty,  simplicity,  and  indepen- 
*  dcnce  of  other  departments.    Astronomical  science,  which  is 
.    above  all  made  up  of  facts  that  are  general/simple,  and  in- 
dependent of  other  sciences,  arrived  first;   then  terrestrial 
Physics;  then  Chemistry  f  and,  at  length,  ^bynology. 

It  is  difficult  to  assign  any  precise  date  toTbis  revolution 
in  science.  It  may  be  said,  hkc  everything  else,  to  have  been 
always  going  on;  and  especially  since  the  Ia1x>ur8  of  Aristotle 
and  the  school  of  Alexandria ;  and  then  from  the  introduction 
of  natural  science  into  the  West  of  Europe  by  the  Arabs. 
But,  if  we  must  fix  upon  some  marked  period,  to  serve  as  a 
rallying  point,  it  must  be  that, — about  two  centuries  ago, — 
%i'hcn  the  huiuaa  mind  was  astir  nndor  the  pieoapla  of  Bacon, 
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'^"^  conoeptions  of  Descartes,  and  the  discoveries  ofjjhalileo. 
^hen  it  was  that  tlie  spirii  of  the  Positive  philosophy  rosffTlp 
i9^  oppoation  to  that  of  the  sui)erstitious  and  scholastic  sy- 

^ms  which  had  hitherto  dncuied  the  true  character  «f  aU 
sclbice.  Since  that  date,  the  prepress  of  the  Positive  philo- 
so]\v,  and  the  decline  of  the  other  two,  have  been  so  marked 
thatVo  rational  mind  now  doubts  that  the  revolution  is  des- 
tined .^  go  on  to  its  completion, — eveiy  branch  of  knowledge 
being,  sooner  or  later,  brought  within  the  operation  of  Positive 
philosophy.  I'his  is  not  yet  the  case.  Some  are  still  l^ng 
outside :  and  not  till  they  are  brought  in  will  the  Positive 
philosophy  possess  that  character  of  uni%'ersality  which  is  ne- 
cessary to  its  definitive  constitution. 

In  mentioning  just  now  the  four  principal  categories  of  phe- 
nomena,— astronomical,  physical,  chemical,  ana  phydouM;i- 
cal,r-thcre  was  an  omission  which  will  have  been  noticed.  IlTo- 
thing  was  said  of  Social  phoioxnaia.  Though  -^^  dcpMt- 
involvcd  with  the  physiological,  Social  pheno-  mcnt  of  PMi- 
mena  demand  a  distinct  classification,  both  on  ^^^  philoM- 
account  of  their  importance  and  of  their  diffi-  ^^' 
culty.  They  are  the  moet  indiyidiuali  the  most  complioited,  i 
the  most  dependent  on  all  others;  and  therefore  "they  must  ( 
be  tlie  Iatcst,-^even  if  they  had  no  special  obstacle  to  en- 
counter. This  branch  of  science  has  not  hitherto  entered 
into  the  domain  of  Positive  philosophy.  Tbcolpgi<pal  and.me- 
taphysical  methods,  exploded  in  other  departments,  are  asyet 
exclusively  applied,  both  in  the  way  of  inquiry  and  discussion,  ^ 
in  all^trc^mcnt  of  Social  subjects,  though  the  l)est  minds  are 
heartily  weary  of  eternal  disputes  about  divine  right  and  the 
sovereignty  of  the  people.  Tliis  is  the  great,  wMe  it  is  evi- 
dently the  only  gap  which  has  to  be  filled,  to  constitute,  solid 
and  entire,  the  Positive  Philosophy.  Now^that  the  human 
mind  has  gras]ied  celestial  and  terrestrial  phy^cv-^m(£B&- 
nical  and  chemical ;  organic  physics,  both  vegetable  and  ani- 
mal,— ^tlierc  remains  <me  science,  to  fill  up  the  series  of  sci- 
ences of  ol)servation, —  ^^*^"^Vj^'ftiffl  This  is  what  mm  luive 
now  mostjicodjo£;.,and  this  it  is  the  principal. aiiujofihe  pre- 
sent workJa.C8tablish. 

It  would  be  absurd  to  pretend  to  oficr  this  new   SodalPhjiicfc 
science  at  once  in  a  complete  state.    Others,  less 
now,  are  in  very  unequal  conditions  of  forwardness.     But  the 
same  character  of  xx>sitirity  which  is  impressed  on  all  the  others 
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nill  be  shown  to  belong  to  this.  This  once  done,  the  philosin 
phical  system  of  the  modems  will  be  in  fact  complete^  oh  the:e- 
will  then  be  no  phenomenon  winch  does  not  naturally  eutiT 
into  some  one  of  the  five  great  categories.  All  our  fundamental 
conceptions  lia>ing  become  homogeneous^  the  Positive  state 
will  be  fully  established.  It  can  never  again  cliange  its  cj^ 
racter,  though  it  will  1x5  for  ever  in  course  of  dc^'clopment  by 
additions  of  new  knowledge.  Ilanng  acquired  the  cliaracter 
of  universality  which  has  hithei'to  Ikcu  the  only  advantage 
resting  with  the  two  preceding  systems,  it  %^ti1  superscdie 
them  by  its  natural  superiority,  and  leave  to  them  only  an  his- 
torical existence. 

^^^^  We  have  stated  the  special  aim  of  this  work. 

^f^JJ?i^JJ^J^   Its  secondary  and  general  aim  is  tliis : — ^to  review 

whaf  has  l)ccn  effected  in  the  Sciences,  in  order 

to  show  that  they^arc'not  nuUcally  separate,  but  all  branches 

ftomLTtliQ.same  trunk.     If  we  had  confined  oiu'sclves  .to  the 

first  and  s])ccial  object  of  the  work,  we  should  have  produced 

merely  a  study  of  Social  physics :  whereas,  in  introducing  the 

second  and  general,  m'c  offer  a  study  of  Positive  philosophy, 

passing  in  re\-icw  all  the  positive  sciences  already  formed. 

Tbitrk^'tho        Tl*©  purposc  of  this  work  is  not  to  give  an 

]iliikhiO|>iix  of  account  of  the  Natiural  Sciences.     Besides  that 

tlkj  ScniMMH^t.      j^  would  l)e  endless,  and  that  it  would  require  a 

scientific  prcjiaration  such  as  no  one  man  ix>ssesses,  it  would 

|be  apart  from  our  object,  which  is  to  go  through  a  course  of 

yiotJ!agitivc  Science^  but  Positive  Philosophy.    We  have  only 

Jko  consider  each  fundgiicntTJ'sciciice  in  its  relatToyfto  the 

jwhplejwsitive  systeinj^and  to  the  spirit  which  cliaractmzcs  it; 

I  fthat  is,  with  rejr.inrto  its  ineniods "audits  chicrrcsults. 

Tlic  two  aims,  though  distinct,  are  inseparable ;  for,  on  the 
one  hand,  there  can  l)c  no  jx)sitivc  ph.ilosc>phyjfrithoutji  basis 
of  social. science,  without  which  jt  coiJd  not  be  ajl-cgmpre^ 
henaivcj  and^Qn_tlic  other  hand^  w£j*ou1f^notpuraiy  Social 
science  without  lia^-ingr  \h^\  mypnrotl  by  flic' study  oj"  phcno- 
niena.lc^s  coui])ltcated  than  those  of  sociely,  and  furnished 
with  a  kiiowlcilgc'  of  Taws  and  antcrioi'  facts'Vhieh  have  a 
bearing  upon  social  science.  Though  the  riindamentaTsciences 
arc  not  all  equally  interesting  to  ordinal^'  minds,  there  is  no 
one  of  them  that  can  Ix*  neglected  in  an  nupiir}*  like  the  pre- 
sent ;  and,  in  the  eye  of  philosophy,  all  are  of  equal  value  to 
human  welfsu'c.   Even  those  which  apjK^ar  the  least  interesting 
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have  their  owu  value,  cither  on  account  of  the  perfection  of 
their  methods,  or  as  being  the  ncccssar}'  basis  of  all  the 
others.  ^^ 

Lest  It  should  be  supposed  that  our  course    -i^^^. 
Mill  lead  us  into  a  wilderness  of  such  special    ^^P*^^'*"^- 
studies  as  are  at  present  the  banc  of  a  true  positive  philo- 
sophy, vrc  M*ill  briefly  advert  to  the  existing  prevalence  of 
such  special  pursuit.     In  the  nrimitive  state  of  human^know- 
Icdge  there  is  no  regiilar'(misionJj>f  in 
Every jgudent  cultivates  all  the  sciences.     As  knowledge  ac- 
crues, the  sciences  part  ofl*;  and  students  dei^Dte"' thPTttSCJtts 
each  to  some  one  branch.     It  is  owing  to  this  dinslou^pf  em- 
plojTncnt,  and  concentration  of  whole  minds  upoa  a  single 
department,  that  science  has  made  so  prodigious  an  advance 
in  modem  times ;  and  the  ix^rfcction  of  this  di\ision  is  one  i 
of  the^riiosf  im|K>rtant  characteristics  of  the  Positive  philo-  ' 
sophy.   Biit,  while  admitting  all  the  merits  of  this  change, 
we  cannot  be  blind  to  the  eminent  disadvantages  which  arise 
from  the  liniittition  of  mhids  to  a  particular,  study.     Ills  in-| 
cntable  that  each  should  1x5  posscssodji^ith  exclusive  iiotionsj 
and  be  fhcrclorc  incapable  of  the  gencraTsuperiority  of  ancient* 
students,  Mho  actually  owed  that  general  supcfioiity  to  the  in-  •^ 
fcriority  of  their  knoMicdge.    We  must  consider  whether  the 
evil  can  he  avoided  u-ithout  losing  the  good  of  the  modem  ar- 
rangement;  for  the  c\il  is  becoming  urgent.     We  all  acknow- 
ledge that  the  divisions  establishod  for  the  conrcnicnec  of 
scientific  pursuit  are  radically  artificial ;   and  yet  there  are  . 
ver}'  few  who  can  embmcc  inT^Sthc  .whole  ofaiiyj^ne^scjcnce : 
each  science  moreover  licmg  itself  only  a  part  o?  a  great  M'liole. 
Almost  evcr\'^  one  is  busy  about  his  ovr\\  jiarticular  section, 
without  mucii  thought  about  its  relation  to  the  general  system  j 
of  ix)sitive  knowletlgc.     We  must  not  be  bluid  to  the  e^il, 
nor  slow  in  seeking  a  remedy.   AVe  must  not  forget  that  this  is 
the  weak  side  of  the  jiositive  philosophy,  by  %v]dch  it  may  yet  i 
be  attacked,  vith  some  ho^K;  of  success,  by  the  adherents  of  1 
the  theological  and  metaphysical  systems.    As  4qJ1ic  remedy, 
it  certainly  does  not  lie  in  a  return  to  the  ancient  confusion  of 
pursuits,  M'hich  would  be  mere  retrbgrcssioii,  ifit^soare  pos- 
sible,  M  Inch  it  is  not.     It  lii*s  in  perfecting  the  clivision  of_em» . 
ployments  itsclf,-^in  canying  it  one  dcgrccliigliav^iu.oon- 
stituting  oneniore  six*cialitv  from  jhe  ^t^djj?f  scientific  gene*  I 
ralities.   Let  usiiave  a  new  class  of  students^  suitably  prepared, 

^^  b3 
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Frapoted  new  ^1^006  business  it  shall^be  to  jUke  the  rcspcctivQ. 
daM  of  itu-  sciences  as  they  arc,  detcriumc  Hic  spuit  of  eacli^ 
(kntt.  ascertain 'theur^reUtious  and  mutual  connection^ 

and  reduce  their  respective  _pyinciplcs  to  the.  smallest  number 
of  general  principles^  in  conformity  with  the  fmulameutal 
ruleirof  th6  Positive  Method.    At  the  same  time,  let  other 
students  be  prepared  for  their  special  pursuit  by  an  edu- 
cation M'hich  rcec^iizes  the  M'hole  scope  of  positive  science^ 
so  as  to  profit  by  the  labours  of  the  students  of  generalities^ 
and  so  as  to  correct  rcdprocallyj  midcr-  that  guidance,  the 
results  obtained  by  each/'  TTe  see  some  approach  already 
to^iliis  arraiigcmei3.     Once  established,  there  would  be  no- 
tliing  to  apprehend  from  any  extent  of  dimion  of  employ- 
ments,    uhen  we  once  liavc  a  class  of  learned  mcn^at  the 
\    disposal  of  all  othcrs/Vliosc  business  it  sliall  be  to  connect 
I    each  new  discovery  with  the  general  system,  we  may  dis- 
'    miss  all  fear  of  the  great  whole  being  lost  sight  of  m  the 
pursuit  of  the  details  of  knowledge.      Tlie  organization  of 
scientific  research  will  then  be  complete ;  and  it  will  hence- 
forth have  occasion  oidy  to  extend  its  development,  and  not 
to  change  its  character.     After  all,  the  formation  of  such  a 
new  class  as  is  pro^iosed  would  be  merely  an  extension  of  the 
principle  which  has  civated  all  the  classes  we  have.     While 
science  was  narrow,  there  was  only  one  class :  as  it  expanded, 
more  were  instituted.     With  a  fui-ther  advance  a  firesh  need 
arises,  and  this  new  class  \\'ill  be  the  result. 
Aaraiiiagcftof       T'^^  general  spirit  of  a  course  of  Positive 
tlie  ro»itivc       Philosophy  having  been  thus  set  forth,  we  must 
rhiloM»|%.       jiQ^y  glautxj  at  the  chief  advantages  wliieh  may 
be  derivetl,  on  1x*half  of  human  progression,  from  the  study  of 
it.     Of  these  advantages,  fi)ur  may  be  especiallv  pointed  out. 
Illuntnu^  the        I-  '^^*^  stuclv  of  tlie  Positive  Philosophy  aflbnls 
Iiiiclkxiiud        the  oulv  ratioiud  mcans'of  exhibit liig  tlic  logical 
fuik-tkm.  la^vs  of  the  human  miud^  which  have  hitherto 

l«en  »95|^t_bv^  iiiifit  inetliodsT  To  exphiiu  wliat"ls  meant 
by  this,  we  may  refcFlo  a  saying  of  il.  de  Blainville,  in 
his  work  on  Comparative  Anatoiny,  that  every  active,  and 
esjieeially  everj*  living  being,  may  l)c  reganled  luider  two 
n*lations — the  Statical  and. the  Ih'uainical ;  that  is,juider 
eomUtions  or  in  ailion.  It  is  clear  that  all  coirsiderations 
range  theniM^lves  uiutor  the  one  or  the  other  of  these  heads. 
Let  us  apply  this  classification  to  the  intellectual  functions. 
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If  wc  regard  these  functions  under  tlieir  Statical  aspect — 
that  is,  if  we  eonsiider  the  conditions  under  mhich  they  exist — 
we  must  determine  the  organic  circtinistanecs  of  the  case, 
Avhich  inquiry  iiivolves  it  with jinatoniy  and  physiology.  If 
we  fiHjkjat  the  DVkiaimc  "asjVccl,  wcTiaveTb  stud  v.  ^imjily  th< 
exercise  and  rcsidts^p^  Hic  liitcllcctnal . gowcrs  i^JbcJ^Ql^u^] 
race,  AvhtctT  Is'  neWier  inore  nor  less  than  tlie  general  object  | 
of  the  T*bsl!tV'C*Thaosophyr""ln'*Ortf  loo^ 
tifie  'theories  as  so  many  great  Ic^cal  facts,  it  isjouly  oy  the 
thorSnglT  observation  of  tncsc  facts'  niat  wc'caii  anrij;p  at  the 
knowledge  of  logical  laws.  TIicsc  being  the  only  means  of 
knowledge  of  intellectual  phenomena^  the  iUusorj'  psychology, 
which  is  the  last  phase  of  theology,  is  excluded.  It  pretends 
to  accomplish  the  discovery  of  die  laws  of  the  human  mind 
by  contemplating  it  in  itself;  that  is,  by.  separatiug Jti^m 
causes  and  effects.  Such  an  attempt^  made  injlcfiaiioe  of  the 
physiological  study  "of  "our  intellectual  organs,  an  J  of^tlie  ob- 
servation of  rational  methods  of  procedure,  caunpt  succeed  at 
this  time  of  day.  '^''* 

The  Positive  Philosophy,  which  has  been  rising  since  the 
time  of  llacon,  has  now  seciured  such  a  preiH>uderanoe,  that^ 
the  metaphysicians  themselves  profess  to  gromul  tlieir  pre- 
tended science  on  an  obser\'ation  of  facts.      They  talk  of  ex- 
ternal and  intemid  facts,  and  say  that  their  business  is  Mith  the 
latter.      Tliis  is  much  like  saving  that  vision  is  explained  . 
by  luminous  objects  painting  tlieir  images  ujK)n  the  retina.  ^ 
To  this  the  physiologists  reply  tliat  another  eve  would  be 
neeiled  to  see  the  image.     In  the  same  manner,  tlie^inind  may 
obsene  all  phenomena  but  its  own.      It  may  bcKud  ifiSTa 
man*s*iifitCllccT  max  obsene  Tiis  passionspnie"'8iS{  oj Hhe 
reason  being  somewhat  apart  from  tlial  of  Ihc  einbt ions  iii  the 
braiir(1)ut  there  caTi Tie  nptlnng^lite  scientific  obscnation  ol 
the  passions" except  from  without,  as  tlie^stir  of  tlic  emotions, 
distmrbs  the  obscrnng  faculties  more  or  less..*'~lf  ifTCnhonii 
out  of  the  question  to  make  an  intellectual  observation  of  in-\\ 
telleytual  processes.     Tlie  observing  and  observed  organ  arc«\ 
hci'c  the  same,  and  its  action  cannot  Ix;  pure  and  natural.   ^ 
order  to  observe,  your  intellect  must  l>«y>se  from  activity  ;_yet, 
it  is  this  veiy  actinty  ttiat  you'whiiTto  obscn'c.     If  you  can- 
not^efli*ct  tlie  pause,  you  cannotnolJscn'c :  if  you  do  effect  it, 
there  is  nothing  to  obsen'c.     The  results  of  such  a  method  are 
in  proportion  to  its  absurdity.     After  two  thousand  years  of 
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p^cliological  pnrsuity  uo  one  proposition  is  established  to  the 
satisfaction  of  its  foUoircrs.  They  are  dinded,  to  this  day, 
into  a  multitude  of  schools,  still  disputing  about  the  very  ele- 
ments of  their  doctrine.  This  interior  observation  gives  birth 
to  almost  as  many  theories  as  there  are  observers.  We  ask 
in  vain  for  any  one  discovery,  great  or  small,  which  has  been 
made  under  this  method.  Hie  psvchologists  have  done  some 
good  in  keeping  up  the  activity  of  our  understandings,  when 
there  was  no  better  work  for  our  {Sticnlticstodo;  and  they  may 
have  added  something  to  our  stock  of  knowledge.  If  they  have 
done  so,  it  is  bv  practising  the  Positive  method — ^b^  observing 
the  progress  o{  the  human  mind  in  the  light  of  science;  that 
is,  W  ceasing,  for  the  moment,  to  be  psychologists. 

The  view  just  given  in  relation  to  logical  Science  becomes 
yet  more  striking  when  we  consider  the  logical  Art. 

The  Positive  Method  can  be  judged  of  only  in  action.  It 
cannot  be  lookcJ'at'tjjtyl^part  TOm  the  work  on  vliich  it 
is  cmplojedT""  At  all  evciib,  such  a  contemplation  would  be 
oi3y  a  dcacT  study,  which  could  produce  nothing  in  the  mind 
which  loses  time  upon  it.  AVe  may  talk  for  ever  about  the 
method,  and  state  it  in  terms  very  wisely,  without  knowing 
half  so  much  about  it  as  the  man  who  has  once  put  it  in  |kac- 
ticc  upon  a  single  jiartictdar  of  actual  research,  c^en  nimout 
any  pliilosophi«il  intention.  Thus  it  is  that  psychologists,  by 
diut  of  reading  the  precepts  of  Bacon  and  the  discourses  of 
Descartes,  liavc  mistaken  their  own  dreams  for  science. 

Without  saying  whether  it  will  ever  be  possible  to  establish 
a  priori  a  true  method  of  investigation,  independent  of  a  phi- 
losophical study  of  the  sciences,  it  is  clear  that  the  thing  has 
uc\'cr  been  done  yet,  and  that  we  are  not  capable  of  doing  it 
now.  We  caiuiot  as  yet  explain  the  great  logical  procedures, 
a]iart  from  their  applications.  If  we  ever  do,  it  will  remain 
as  necessary  then  as  now  to  form  good  intellectual  habits 
by  studying  the  regular  application  of  the  scientific  methods 
which  we  shall  have  attaint. 

Tliis,  then,  is  the  first  great  result  of  the  Positive  Philosophy 

I     — ^the  niainfcstation.j)vcxi)crimcnt^Qf.the  lawa  w^^ichrule  the 

'     lutellcct^in  Jljc  iiivcsti«^ioii  or  truth;  amC  as  a  consequence 

the  knowledge  of  the  general  rules  suitable  for  that  object. 

Miii4  nwi^.         ^^'  '^^^  second  eflcet  of  the  Positive  Philo- 

rate  Eaiica-       sopliy,  ail  eflcct  not  less  important  and  far  more 

^  timu  urgeiitly  wanted,  will  be  to  rcgciieratc  Education. 
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THIRD   BENEFIT.  IS 

The  best  minds  arc  agreed  that  our  European  ediieation^ 
Btill  csscutially  theological  metaphysical.  andTiterary,  must  be 
superseded  by  a  Positive  tfaiiimg/ conformable  io  our  time 
mid  needs."  Even  the  governments  of  our  day  have  shared^ 
M'liere  they  have  not  originated,  the  attempts  to  establish  poa- 
tiveHnstruetion;  and  tliis  is  a  striking  indication  of  the  pre- 
valent sense  of  vrhat  is  iranted.     While  encouraging  such  en- 
deavours to  the  utmost,  we  must  not  however  conceal  from 
ourselves  that  everything  yet  done  is  inadequate  to  the  object. 
The  present  exclusive  speciality  of  pur , pursuits^  an^  the  cQn. 
sequent  ^igtion  oi  tlic^scicnccsj  spoil  our  teaching.     If  any 
student  desires  to'iorm  aii  idea  of  natural  philosophy  as  a 
whole,  he  is  compelled  to  go  through  each  department  as  it  is 
now  taught,  as  if  he  were  to  be  only  an  astronomer,  or  onl^  a 
chemist;  so  that,  be  liis  intellect  what  it  may,  his  training 
must  remain  very  imperfect.  And  yet  his  object  requires  that 
he  sliQuLLobtaiu  general  positi%x  coiiccptions  of  all  the  classes 
of  niitund  phenomena.     It  is  such  an  aggregate  of  coneep- 
tioiis,  whcthcf  on  "a  grcai^or  on' a  small  kade,  whidijxnustl 
h'ciiS^IbrtTi  be  tlie  permanent  basis  of  all  human. combius-' 
tioiisr    It  will  constitute  the  mind  of  future  gciierationa.  * 
In  order  to  this  regeneration  of  our  intellectual  system,  it  is 
necessary  that  the  sciences,  considered  as  branches  from  one 
trunk,  should  yield  us,  as  a  whole,  their  chief  methods  an<]Q 
their  most  important  results.     Tlie^  specialities  of  science  am 
be  pursued  by  those  whose  vocation  Hcs  iii^Ji^^iGjccction* 
Tlicyare  indispensable';  aiid  they  are  not  likely  to  be  neg- 
lected ;'but^'tlicy  can  never  of  theinselves  renovate  our  sy- 
stem of  Education ;  and,  to  be  of  their  ftUl  use,  they  must 
rest  upon  the  basis  of  that  general  instruction  which  is  a  direct 
resiiirbf  the  Positive  rmio^pny. 

IIIr'ThesaThc  special  study  of  scientific  gene-    Adrance* 
mlities  must  also  aid  the  progress  of  thfe'Tcspcc-    •cicnct»by    - 
tive  positive  sciences:  and^ this  constitutes  our   «»™^>™ng 
third  InSwroTadvUmjiges:  *  '™" 

Tlie^dirisions" which  we  establish  between  the  sciences  arc, 
though  not  arbitrarj',  essentially  artificial.  Tlic  subject  of  our 
researches  is  one:  we  divide  it  for  our  conveiiieiicey  iif  order  to 
deal  tlie  inbrcT  easily  M'iili  its  dimciuties.  But  it  sometimes 
hapi)ciis — and  esixjcially  with  the  most  im^iortant  doctrines  of 
each  science — that  we  need  what  we  cainiot  obtain  under  the 
present  isolation  of  the  sciciices, — a  combination  of  scx'eral 
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gpccial  points  of  ^icw;  and  for  want  of  this^  yf^j  important 
proETema  wiut  {or'Uicir  solution  much  longer  than  they  other- 
wise need  do.  To  go  back  into  the  past  for  an  example :  Des- 
cartes' grand  conception  with  regard  to  analytical  geometry  is 
a  discovery  which  has  changed  the  whole  aspect  of  mathema- 
tical science,  and  yielded  the  germ  of  aU  future  progress ;  and 
it  issued  from  the  union  of  two  sciences  which  had  always 
before  been  separately  regarded  and  pursued.  The  case  of 
pending  questions  is  yet  more  impressive;  as,  for  instance,  in 
Chemistry,  ilie  doctrine  of  Definite  Proportions.  '\Yithput.  en- 
tering upon  the  d^scusnon  of  thc.fuudamcn^ 
theory,  we  may  say  with  assinrancg  that,  in  order  to  dctmnine 
it^-jn  Sflcr^to  dcterimhe"  wh'etTier  iris^jTIaw  ofTaature  that 
atoms  should  necessarily  combine  in  fixcStt  numbers^ — ^it  will 
be  indispensable  that  the  chemical  points  of  jpcw.  should  be 
united  witli  the  phvsiological.  Tlie  ndlure  of  the  theory  with 
regard  to  oxgimic  oodics  indicates  that  the  cause  of  this  im- 
mense exception  must  be  investigated;  and  such  an  inquiry 
belongs  as  much  to  physiology  as  to  chemistry^  Again,  it 
is  as  yet  undecided  whether  azote  is  a  simple  or  a  compound 
body.  It  was  oondudod  by  almost  all  chemists  that  azote  is 
a  rimplc  body ;  the  illustrious  Berzelins  hesitated,  on  purely 
chemical  considerations;  but  he  was  also  influenced  by  the 
physiological  obscn-ation  that  animals  which  receive  no  azote 
m  their  food  have  as  much  of  it  in  their  tissues  as  carnivorous 
animals.  From  this  we  see  how  physiology  must  unite  wnth 
chemistry  to  inform  us  whether  azote  is  simple  or  compoimd, 
and  to  institute  a  new  series  of  researches  u^wn  the  relation 
between  the  composition  of  li\'ing  bodies  and  their  mod^  of 
alimentation. 

Such  is  the  advantage  which,  in  the  third  place,  we  shall 
owe  to  Positive  philosophy — ^tlic  elucidation  of  tlic  respective 
sciences  by  their  combination.     In  flielourni^place 

IV.  The  Positive  Philosophy  oflcrs  the  only 

L  UctLSrtT"'    ^^'^  ^^^*  ^^'  *'***  ^^^  Rcorganization^which 
must  succeed  the  critical  condition  in  which  the 
most  civilized  nations  are  now  living. 

It  cumiot  be  necessary  to  prove  to  anybody  who  reads  tliis 
work  tliat  Ideas  govern  the  world,  or  thraw  it  into  chaos ;  in 
other  wonls7that  all^si^^iaCmediaiiism  rests  upon  Opinions. 
Tlic  px^t  ix)litical  and  mo^^cfisis  tliarsocictics  -are-now  un- 
dcrgoing  is  shown  by  a  rigid  aiudysis  to  arise  out  of  intellec- 


"   /c*j    Jrr^^^     u^'-.V'    '^t..^^ 
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tual  anarchy.    ^Vliile  stability  in  fundamental  maxima  is  the  t 
first  condition  of  genuine  social  order,  we  are  suffcmig  under  / 
an  utter  disagreement  which  may  be  calTeti  universal.    TQl 
a  certain  uumoer  of  geneiSidcas  can  be'iicliiKAvlwrgCli  as  a 
rallyiug-point  of  social  doctniie/the  natioiisvrill"  rcifialu  in  a 
revolutionary  state,  wliatcver  palliatives  may  be  de^isSStX^and 
their  institutions  canlx;  only  provisional.     But  whenever  thel 
necessary  agreement  on  first  principles  can  be  obtained,  ap- 1 
propriate  institutions  will  issue  from  them,  without  shock  ori'  . 
resistance;  for  the  causes  of  disorder  will  have  been  arrested  V"^ 
by  the  mere  fact  of  the  agreement.     It  is  in  this  direction/ 
that  those  must  look  who  desire  a  natural  and  regular, anor-l 
mal  state  of  society.  -^ 

Now,  the  existing  disorder  is  abundantly  accountcdJbi:.by 
the  existence,  all  at  once,  of  three  incompatible  philosophies. 


stand-Ton^raTTOilicr  lipon'^Jifty' essential  pointTVljatcvSrl      If 
this  is^frue,  we  have  only  to  ascertain  which  of  the  phi- 
losophies must,  in  the  nature  of  things,  prevail;   and,  this 
ascertamed,  eveiy  man,  whatever  may  have  been  his  former 
>iews,  cannot  but  concur  in  its  triumph.     Tlie  problem  once 
recognized  cannot  remain  long  unsolved ;  for  all  considcnrtipns. 
whate\Tr  point  to  the  Positive  Philosophy  as  the  one  dcstinedj 
to  prevail.     It  alone  has  been  advancing  during  a  coune  or 
centuries,  throughout  which  the  others  have  been  declining. 
Tlie  fact  is  incontestable.     Some  may  deplore  it,  bilt  none  can 
destroy  it,  nor  thercfore  neglect  it  but  under  penalty  of  being 
betrayed  by  illusory  speculations.     This  genenil  revolution  of 
the  human  mind  is  nearly  accomplished.     W.e  have  oiJy  to 


whoieliito  one  iKidy  of  homogcnconi"(!6cfniie.  **TIie  marEed 
preference  which  almost  all  minds,  from  the  highest  to  the 
commonest,  aeconl  to  positive  knowledge  over  vagtie  and  mys- 
tical conceptions,  is  a  pledge  of  what  the  reception  of  this  phi- 
losophy will  be  when  it  has  acquired  the  only  quality  that  it 
now  wants — a  character  of  due  generality.  \Vhen  it  has  be- 
come complete,  its  supremacy  Mill  take  place  sjiontancously, 
and  will  re-establish  order  throughout  society.  Tliere  is,  at 
present,  no  conflict  but  between  the  theological  and  the  meta- 
/ 
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physical  philosophies.  They  are  contending  for  the  task  of 
reorganizing  society;  bnt  it  is  a  \rork  too  mighty  for  cither  of 
them.  The  positive  philosophy  has  hitherto  intcn^encd  only 
to  examine  both^  and  both  are  abimdantly  discredited  by  the 
process.  It  is  time  now  to  be  doing  something  more  effec- 
tiTe,  irithout  wasting  our  forces  in  needless  controversy.  It 
is  time  to  complete  the  vast  intdlectnal  operation  begun  by 
Bacon,  Descartes,  and  Galileo,  by  constructing  the  system  of 
general  ideas  which  must  henceforth  prevul  among  the 
human  race.  This  is  the  way  to  put  an  end  to  the  revolu- 
tionary crisis  which  is  tormenting  the  civilized  nations  of  the 
worid. 

Leaving  these  four  points  of  advantage,  we  must  attend  to 
one  precautionary  reflection. 

KoKopeofve-  Because  it  is  proposed  to  consolidate  the 
dactkm  to  a  wholc  of  our  acquired  knowledge  into  one  body 
nngle  law.  ^f  homogeneous  doctrine,  it  jnust  not  be  sup- 
posed  that  we  are  ..going  tP.Mndj  this^vastj^n^TSjpro- 
coecling  from  a  single  principle,  and^as  subjected  to  a  single 
law.  There  is  something  so  chimerical  in  attempts  }it  uni- 
Tcrsal  explanation  by  a  single  law,  that  ij  mayftRTIasIwell  to 
secure  tliis  Work  at  once  from  any  imputation  of  the  kind, 
though  its  development  will  show  how  undeserved  such  an 
imputation  would  he.  Our  intellectual  resoiu*OMjureJ^  nar-  / 
row,  and'tlie*  universe  is  too  complcx^toJcavjolaijjLliPl^  ^^^  • 
it  will  ever  be  within  our  power  to  carry  scientific  perfection 
to^its  last  degree  of  simplicity.  Moreovcr'lt  appears  as  if 
the  vdJuc  of  such  an^  attainment,  supposing  it  possible,  were  "^ 
gicatljC^vej^ica.  TKn  niily  Y7\yj  f^i>y  in«*«^^^^  ^"  «'li;/>li  ^i* 
could  achieve  the  business,  would  be  by  connecting  all  natural 
phciTomgnnrwitfa  the  most  general  law  we  knoA^.— whi^h  i« 

thai  nf  argjvitnfiniij  l^y   wlnnh    imtmnoTnirAl    plifinftmftnft    ^Mift   ' 

alrcadv  comicctcd  with  a  jx)rtion  of  terrestrial  physics.  Laplace 
has  indicated  that  chemical  phenomena  may  be  regarded  as 
ftimplo  ntfimi<*  ftffpfita  of  tlin  yfi^-fniiinii  atfmi^nn,  tnndifii>ii 
hy  ihn  fnnii  nnil  mnfiinl  jviajtinn  of  tlift  fttnma.    But  SUppOSlUg 

this  view  proveable  (which  it  cannot  be  while  we  arc  without 
data  aliout  the  constitution  of  bodies),  the  difficulty  of  its  ap 
plication  would  doubtless  lie  found  so  great  that  we  must  still 
maintain  the  existing  division  between  astronomy  and  che- 
mistr}',  M'ith  the  diflcrcncc  that  we  now  regard  as  natural  that 
dirisiou  which  wc  should  then  call  artificisd.     Laplace  himself 


-<*rali»KjiiB* 
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Kepler  felt  tbis  on  behalf  of  astronomy^  and  Bertbollet  on  be- 
half of  chemistry.  Thus  was  a  spontaneous  philosophy,  the 
theological,  the  only  possible  beginning,  method,  and  pron- 
sional  system,  out  of  Trhich  the  Positive  philosophy  could  grow. 
It  is  easy,  after  this,  to  perceive  how  Metaphysical  methods 
and  doctrines  must  have  horded  the  means  of  transition  fix>m 
the  one  to  the  other. 

The  human  understanding,  slow  in  its  advance,  could  not 
step  at  once  from  the  theological  into  the  positive  philosophy. 
The  two  are  so  radically  opposed,  that  an  intermediate  sy- 
stem of  conceptions  has  been  necessary  to  render  the  transi- 
tion possible.   It  is  only  in  doing  this,  that  ]Vf  etaphysic^l  con- 
ceptions have  any  utiliiywhatcver..;  .In  coiitemjplati'ng  jphe- 
nomcna,  men  substitute  for  superaatoad_dipoc^^ 
spending  entity.     Tliis  entity  may  have  been  supposcdjx)  be 
derived  from  the  supematuraT^BtCTioiiXbut.it 
lost  sight  of,  leading  attention  free  for. the  facto  thenasdlvesy 
till,  at  length,  metaphysical  agcnto  have  ceased  tojeanything 
morethan  the^abstract  names  of  phenomena.     It  is  not  easy 
to  say  by  what  other  process  than  this  our  minds  could  have 
'  passed  from  supernatural  considerations  to  natural;  fix)m  the        / 
,  theological  system  to  the  positive.  ^"^"^ 

^  The  Law  of  human  development  being  thus  established,  let 
j  us  consider  what  is  the  proper  nature  of  the  Positive  Philo- 
i  sophy . 

.     Alb  w»  have  seen,  the  fic^  ntjmrtiwttiir  of  the   Character  of        / 
^  PoMlwe  Philosophy  is  that  it  Mgai^^.aIL4A«M>-    ^^^^^^ 
:mena  as  subjected  to  invariable  natural  JLoic;^.         o«>I«iy« 
Our  business  is, — seeing"  how  vain  is  any" research  into  what 
are  called  Causes,  whether  first  or  final, — to^pmrsue  an  accu- 
j  rate  discovery  of  these  Laws,  with  a  view  to^  rcducingth^m 
■  to  the  small^rpossible  iium^.  IBy  speculating  upon  causes, 

iwe  could  solve  no  difficulty  about  origin  and  purpose.-  Our 
real  business  is  to  analyse  accurately  the  circumstances  of 
;  phenomena,  and  to  connect  them  by  the  natural  relations  ;    i^ 
I  of  succession  and  resemblance*     The  best  illustration  of  this  '• 
is  in  the  case  of  the  doctrine  of  Grantation.     ^Ve  soy  that 
I  the  geygal  j^enmena  of  the  nniverse^re  ^f^^^^JSSLit, 
l)ccausc  ir^connccts  under  one  head* the  ^vhofe  immense  va- 
riety of  astronomical  iaets;  exhibiting  the  constant  tendency ^ 

of  atoms  towards  eaeh  other  in  direct  proportion  to  their 
masses,  and  in  inverse  proportion  to  the  squares  of  their 
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distances ;  wlulst  the  general  fact  itself  is  a  mere  extenskm 
of  one  which  is  perfisctly  familiar  to  us^  and  which  we  there- 
^  fore  say  that  we  know ; — ^the  weight  of  bodies  on  the  surface 
'^  of  the  earth.     As^to  what  w«^t  and  attraction  are^  we 
haive  notfiing  to  do  with' Chat/ for  it  is  not  a  matter  of  know- 
^  ledke^atjdl.     Theologians  and  metaphysicians  may  imagine 
:  i  andlrcBne  about  such  questions ;  but  positive  philosophy  re- 

jects them.     When  any  attempt  has  been  made  to  explain 
them,  it  has  ended  only  in  saying  that  attraction  is  universal 
j  weight,  and  that  weight  is  terrestrial  attraction:   that  is, 

that  the  two  orders  of  phenomena  are  identical;  which  is  the 
point  fix>m  which  the  question  set  out.     Again,  M.  Fourijcr, 
I .  m  Ins  fine  series  of  researches  on  Heat,  has  given  us  all  the 

^1  most  important  and  precise  laws  of  the  phenomena  of  heat, 

K  V  ^^^  many  lai^  and  new  truths,  without  once  inquiring  into 

' :  its  nature,  as  his  predecessors  had  done  when  th^  disputed 

^  about  calorific  matter  and  the  action  of  an  universal  ether.  In 
\  \  ''^  treating  his  subject  in  the  Positive  method,  he  finds  inexhaust- 

ible material  for  all  his  activity  of  research,  'without  betaking 
1 1  himself  to  insoluble  questions. 

'  Histoiyoftlie       Before  ascertaining  the  stage  which  the  Positive 

;  I  Positnre  Phi-   Philosophy  has  reached,  we  must  bear  in  mind 

j  I  kwophy.  that  the  difiercnt  khids  of  our  knowledge  have 

•  i  passed  through  the  tlirce  stages  of  progress  at  difierent  rates, 

and  have  not  therefore  arrived  at  tne  same  time.    The  rate 

of  advance  depends  on  the  nature  of  the  knowledge  iif  ques- 

Ition,  sodistinctly  that,* as  we  shall  see  hereafter,  this  consi- 
dcration^  con^tutcs  an  accessary  to  the  fundamental  law  of 
i  progress.  'Any  kind  of  knowledge  reaches  the  positive  stage 
t  early  in  proportion  to  its  generality,  simplicity,  and  indepen- 
dence of  other  departments!    Xsiiouomical  science,  which  is 
.    above  all  made  up  of  facts  that  are  general,'  simple,  and  in- 
dependent of  otlier  sciences,  arrived  first;   then  terrestrial 
Pliysics ;  then  Chemistry  i  and,  at  length.  Physiology. 
;!  It  is  difficult  to  assign  anv  precise  date  to  This  revolution 

\  in  science.    It  may  be  said,  hke  everything  else,  to  have  been 

always  going  on;  and  especially  since  the  Ia1x>ur8  of  Aristotle 
and  the  school  of  Alexandria ;  and  then  from  the  introduction 
of  natural  science  into  the  West  of  Europe  by  the  Arabs. 
But,  if  we  must  fix  u^ion  some  marked  period,  to  serve  as  a 
rallying  pouit,  it  must  be  that, — about  two  centuries  ago, — 
when  the  human  mind  was  astir  under  the  pieccipts  of  Bacon, 
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recent  botanists  and  zoologists,  wbose  pliilosopbical  labours 
have  cxliibited  the  true  priuciple  of  classification;  vis.  that 
the  classification  must  proceed  from  the  study  of  the  things 
to  ije^ciassihcd/ancl  musl'l^'holincims  be  Actcrmiu<wLty  »" 
j»riOTt;cgns^^^^  real' affiniti<»' and  natural  con- 

nections presented  b^  objects  being  ailowed  to  d'etcr^oine  their 
order/tlie  classification  itself  becomes  tlie'expfi^ion  of  the 
mosfgcneral  fact.  And  thus  docs  the  positive  method  apply 
to  the  question  of  classification  itself,  as  well  as  to  the  objects 
included  under  it.     It  follows  that  the  mutual!  xme  primsipfe 

I  dependence  of  the  sciences,—^  dcpcud^oS'  re-|  of  clMnllo»- 
sulting  liom'that  of  the  corresponding  pheno-  *****  ' 
mena^-^inust  determine  the  arrangement  of  the  system  of 
human  knowledge^  Before  proceeding  to  investigate  this 
mutual  dependcnoCy  we  have  oiily  \a  asoertairi^  the  iteal 
bounds  of  tlic  classification  proposea ;  in  other  words^  to  sctfle 
wlTal  ^Ve  mean  by'Tium5ir^owl6dj^e7  as  the  sul^^ 

WQikT"^^ ..---—-'*      --' 

^  The  field  of  human  labour  is  either  specula-   BoundMiet  of 
tion  Olfaction:  and^thiis,  we  are  accustomed  to   our  field, 
diiide  bur" knowledge^  into  the.  th^ondicsl  ai>d 
the  practical.     It  is  obvious  that,  in  this  inquiry,  we  have 
to  do'oiily'with  the  theoretical.     We  are  not  goingTo"*^"* 
of  alMnxmaar'liotions'^hateH'cr,  but  of  those  fundM 
conceptions  of  the  difierent  orders  of  phenomena  Iv  Inch  _fidr-  L 
nish^a  solid  basis_tp*  all  conAijiatiqns^ju^d 
^n  1aiiy^Io5cdcnt  intellectual  systemJ     In  such  a  study, 
speculalioiTis^'otff*  material^  and  not  the  application  of  it, — 
except  where  the  application  may  happen  to  throw  back  light 
on  its  speculative  origin.      This  is  probatbly  what  Bacon 
meant  ^as  that  First  Philosophy  which  he  dedarod  to  be  an 
extract  trom  the  whole  of  Science,  and  which  has  been  so  dif- 
ferently and  so  strangely  interpreted  by  his  metaphysical 
commentators. 

There  can  be  no  doubt  that  Man's  study  of  nature  must 
furnish  the  only  basis  of  his  action  upon  nature ;  for  it  is 
only  by  knoinug  the  laws  of  phenomena,  and  tlius  being  able 
to  foresee  them,  that  we  can,  in  active  life,  set  them  to  modify 
one  another  for  our  advantage.  Our  direct  natural  power 
oyer  eveiytliing  about  us  is  extremely  weak,  and  altogether 
disprojjortioncd  to  our  needs.  Whenever  we  efieet  anything 
great  it  is  through  a  knowledge  of  natural  laws,  by  wludi  we 
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can  set  one  agent  to  work  npon  another^ — even  very  weak  mo- 
difying elements  producing  a  change  in  the  results  of  a  large 
aggregate  of  causes.  Tlie  relation  of  science  to  art  may  be 
aammcd  up  in  a  brief  expression : 

From  Scienoc  ^cornea  Preiasion^  from  Prevision  comes  Ac- 
ti^n>  *       "'  """""  "^ 

We  must  not,  however,  fall  into  the  error  of  our  time,  of 
rc^ardhig  Science  chiefly  as  a  basis  of  Art.     However  great 
may  be  the  services  rendered  to  liiHi^try  by  science,  how- 
ever true  may  be  the  saying  that  Knowledge^  is  Power,  we 
must  never  forget  that  the  sciences  have  a  h^her  destination 
«till ; — and  not  only  higher  but  more  cUrcct; — ^tl^atj^tfiiitiBfy- 
*^  jiig  the  craving  of  our  understanding  ito  know  the  laws  of 
^jhenomciuul  To  feel  how  deep  and  u^cnt  this  uccd^is,  we 
ave  only  to  consider  for  a  moment  the  physiological  effects  of 
\ioHslemation,  and  to  remember  that  the  most  terrible  scnsa- 
[iion  we  are  capable  of,  is  tluit  which  we  experience  when  any 
'  [)henomcnon  seems  to  arise  in  violation  of  the  familiar  laws 
f  iiature.    This  need  of  disposing  facts  in  a  comprehensible  i 
order  (which  is  the  proper  object  of  all  scientific  theories)  is  I 
so  inherent  in  our  oi^anization,  that  if  we  could  not  satisfy  it 
by  positive  conceptions,  we  must  inevitably  return  to  those 
theological  and  metaphysical  explanations  which  had  their 
origin  in  this  very  fact  of  human  natiire. — It  is  tliis  original 
tcudeucy  which  acts  as  a  preservative,  in  the  minds  of  men  of 
science,  against  the  narrowness  and  incompleteness  winch  the  / 
practical  habits  of  our  age  are  ax^t  to  produce.     It  is  through, 
tiiis  that  we  are  able  to  maintain  just  aiid  noble  ideas  of  the 
importance  and  destination  of  the  sciences;  and  if  it  were 
not  thus,  the  human  understanding  would  soon,  as  Condoreet 
has  observed,  come  to  a  stand,  even  as  to  the  practical  appli- 
cations for  the  sake  of  which  higher  things  had  been  sacri- 
fiood ;  for,  if  the  arts  flow  from  science,  the  neglect  of  science 
mustdcstroy  the  consequent  arts.     Soinc  of  ISic'most  impor- 
tanl'arts  are  dcrired-froHV>  speculations  inirsucd  diiriug  long 
ages  ifrith  a  purely  scichtifie  nitcntion.    For  instance,  the  an- 
cient Greek  geometers  delighted  themselves  with  beautiful 
sixxnilations  on  Conic  Sections ;  those  speculatioiis  wrought, 
after  a  long  series  of  generations,  the  renovation  of  astro- 
nomy;  and  out  of  this  has  the  art  of  narigation  attained  a 
perfection  which  it  never  could  have  reached  otherwise  than 
through  the  specidativc  labours  of  Archimedes  and  Apol- 
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lomus :  so  that,  to  use  Coiulorcct's  illustration, ''  the  sailor 
who  is  preserved  firoiu  shipwreck  by  the  exact  obsen-ation  of 
the  longitude,  owes  his  life  to  a  theory  conceived  two  thou- 
sand years  before  l)y  men  of  genius  who  had  in  view  simply 
geometrical  speculations/' 

Oiu*  business,  it  is  clear,  ^s  >vitli  theoretical  researches,  let- 
ting alcnicllicir  practical  applicalionallogether,  I'hough  we 
may  conceive  of  a  coiu<se  of  study  which  should  unite  the  ge- 
ncnilities  of  s|)cculation  and  application,  the  time  is  not  come 
for  it.  To  say  nothing  of  its  vast  extent,  it  would  require 
preliminary  achievements  which  have  not  yet  been  attempted. 
We  must  first  be  in  ]X)ssession  of  appropriate  Special  concep- 
tions, formed  according  to  sdentiiie  theories ;  and  for  these 
we  have  yet  to  wait.  ]Vf  cantimc,  an  intermediate  class  is  ris- 
ing up,  whose  particular  destination  is  to  organize  the  rela- 
tions of  theory  and  practice ;  such  as  the  engineers,  who  do 
not  labour  in  the  advancement  of  science,  but  who  study  it 
in  its  existing  state,  to  ap])ly  it  to  practical  purposes.  Such 
classes  are  furnisliing  us  with  the  elements  of  a  future  body 
of  doctrine  on  the  theories  of  the  different  arts.  Already^ 
^f onge,  in  his  riew  of  descriptive  geometry,  has  given  ua  a 
general  theory  of  the  arts  of  construction.  But  we  have  as 
yet  only  a  few  scattered  instances  of  this  nature.  The.,^uoe 
will  come  when  out  of  such  results,  a  dcpturtmcnt  of  ^ositiTe 
philosophy  may  arise":  "1>ut~it  win  Ixini  a"  distant  fiiture.  If 
we  Tcmembcr  that  scveral'scienccs  are  implicated  in  every 
important  art, — ^that,  for*iustancc,  a'^truc  Aeoryof  Affrieuf- 
tim;  TC^iircs-a  combination  "^r  physiolopcal,  chcmicca,  me- 
chaiiicalT'mid  even  astronomical  ahd'mathcinatical  science, — 
it  \>*ill  Ixs  evident  that  true  theories  of  the  arts  must  wait  for 
a  large  and  equable  development  of  these  constituent  scienoes. 

One  more  preliminary  remark  occurs,  before  we  finish  the 
prescription  of  our  limits, — ^the  ascertainment  of  our  field  of 
niquiry.     We  must  distinguish  between  the  two  classes  of 
Natiu'al  science ; — the  abstract  or  gynqral,  whieh 
have  for  their  object  the  "ffiwo^^^jElEwS   t^^ 
which  regulate  phenomena  in  iiJi  «)neeivable 
cases  ^  and  the  uunuivle,  parlieular,  OT  flftscrip-    Concwto 
tifc;  which  arc  sometimes  eaUcd  Natural  scieneea    "^^^ 
m  a  restricted  sense,  whose  fmictioii  it  is  to  apply  these  laws  to 
the  actiial  Idstory  of  cxistingbeings.'Tire  first  are  ^idamen- 
tal ;  and  our  busmess  is  with  them  aloii^lJWsecond  are  de- 
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Irived^  and  however  important,  not  rising  into  the  rank  of  ov 
pubjecta  of  contemplation.  We  shall  treat  of  physiology,  bv 
not  of  botany  and  zoology,  which  are  derived  firom  it.  Vf 
shall  treat  of  chemistry,  bnt  not  of  mineralc^,  which  is  sc 
condary  to  it. — ^We  may  say  of  Concrete  Physics,  as  thes 
secondary  sciences  arc  called,  the  same  tiling  that  we  said  c 
theories  of  the  arts, — tliat  tliey  require  a  preliminary  know 
ledge  of  several  sciences,  and  an  advance  of  those  science 
not  yet  achieved;  so  that,  if  there  were  no  other  reason,  w 

I  must  leave  these  secondary  classes  alone.     At  a  future  tim 

Concrete  Physics  vrHl  have  made  progress,  according  to  th 
development  of  Abstract  Physics,  and  will  aflTord  a  mass  c 

I .  less  incoherent  materials  than  those  which  it  now  present! 

At  present,  too  few  of  the  students  of  these  secondary  sci 
cnees  appear  to  be  even  aware  that  a  due  acquaintance  wit 

'  ,  the  primary  sdcnccs  is  requisite  to  all  successful  prosecutio: 

of  their  own. 

,  ?.  ,      We  Imve  now  considered, 

•J,  Flrstj^  that  science  being  composed  of  speculative  knon 

"I  .^    ledge  and 'of  practical  knowicclge,  we  have  to  deal  only  wit 

i  the  first;  and 

7        Second,  that  theoretical  knowledge,  or  science  £ro^ly  & 

.'i  I     called,  being,  jiUvidcd  into  general  and  paiticiiTar/^or  abstrac 


and  jvtrcr?*^  *^^Tliy>  '"^^  ^"^^'^  ?^in  to  deal  oiJy  vtith  th 
nrst. 

Being  thus  in  possession  of  our  proper  subject,  duly  pre 
scribed,  we  may  proceed  to  the  ascertainment  of  the  tm 
order  of.  the  fpndamcntal  sciences. 

This  classification  of  the  sciences  is  not  so  eas; 
^^Miftntkm.  *  matter  as  it  may  appear.  However  natural] 
may  be,  it  ^vill  alwayi  involve  something,  if  no 
arbitrary,  at  least  artificial ;  and  in  to  far,  it  will  always  in 
volve  imperfection.  It  is  impossible  to  fulfil,  quite  rigorouslj 
the  object  of  presenting  the  sciences  in  their  natural  con 
ncction,  and  according  to  their  mutual  dependence,  so  as  t 
avoid  the  smallest  danger  of  being  involved  in  a  vicious  circU 
It  is  easy  to  show  why. 

HiPtorktii  and       Every  science  may  be  exhibited  under  tw 
tlogniatic  methods  or  procedures^  the  llistorical.and  th 

imihocU.  Dogmatic.    These  are  wTiolKMliSEiuct  from  eac: 

other,  and  any  other  method  can  be  nothing,  but  some  com 
bination  of  these  two.      By  the  first  method  knowledge  j 
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presented  in  the  same  order  in  which  it  was^  ac^nq^ly  ob«  f 
tainccl  by  the  Ixumoii  miii3, "tOgcthcr'Wiffi Th 
iCyas  ^lAaincyl.  By  the  second,  the  system  of  ideas  is  pre-  'A 
seiited  as  it  might  be  conceived  of  at  this  Iby,  by  a  imiid  Rl, 
wliich,  duly  preimred  and  placed  at  the  right^tlit^f  Ticw,  ll| 
should  begin  to  reconstitute  the  science  m  a  wIioleT^  a  neiri/V 
science  miisf  be  pursued  historically,  the  only  thing  to  be 
done  being  to  study  in  chronologicarordcr  the  different  works 
which  have  contributed  to  the  progress  of  the  science.  But 
when  such  materials  have  become  recast^  to  form  a  general 
system,  to  meet  the  demancnSFa  more  natiiral'lugicAl  oidei', 
it  isixjctfusc'tlie  sclciice  is  too  far  advanced  for  the  hist&ical 
order  to  be  practicable  or  suitable.  Tlie  moire  discoveriaTare 
made,  the  greater  becomes  the  lalwiurof  the  historical  method 
of  study,  and  the  more  effectual  the  dermatic,  because  the 
new  conceptions  bring  forward  the  earlier  ones  in  a  fresh  light. 
Thus,  thc^ucatioiv^  an^ancicnt  geometer  consistedriimJy 
in  the  study^jn  their  due  ordcr^'S  the  very  sm«ii  ff^\^iy*r  oif 
origTnal  trcatiscsltlien  existing  on  the  different  part^  of  geo- 
mct^}^  ^  Tlie  writing  of  Archimedes  and  ApoUouius  were,  in 
factpaUout  all.  On  the  contrary,  a  modern  geometer  com- 
monly finishes  his  education 'without  having  read  a  single 
original  work  dating  further  back  than  the  most  recent  dis- 
coveries, which  cannot  be  known  by  any  other  means.  Tj^yg 
the  Dogmatic  Method  ^«  ^r^r  r!\'CT  p'^p^^^Vnff  the  Hi^^"^t 
as  we  aclvaiiSrto  a  hTglier  }X)sition  in  science.  If  every  mmd 
had  to^pasr-through  all'the^agcs  that  Isvery  prodcccssor  in 
the  studyhad  g(t)nc"thrbngli,  it  is  clear  that.  However  easy  it  is 
to  RSEi'ii  ratherihan  invent,  it  woidd  be  impossible  to  effect 
the  purpose  of  education, — ^to  place  thestuocnt  on  the  vyi- 
ta^-CTound  pained  by  the^TaT5K5ui^^bf  ^aP  tfie^^  who  have 
gone  before.  Hy "tlie  dogmatic  mcthOdTIiis" is* Hone,  even 
tliough  tlic  living  student  may  have  only  an  ordinary  intellect, 
and  the  dead  may  have  been  men  of  lofty  genius.  Bythe 
dogmatic  method  therefore  must  every  advanced  scicnSTUB 
attained,  wiflf  so  Tnnch  of  thcrliistorieal-eoni^jiMgd  irithTTTa 
is  rendered  necessary"  by  discovcriiartoo  j  ttTn t  10  1>6  "stud^  ^ 
elsewhere  than  in  tlieir  own^ecofds]  Tlie  only  objection  tov" 
the  preference  of^hc^  Dogmatic  method  is  that  it*  docs'  'not 
show  how  thg^ience  was  attained ;  but  a  moYAeiTt^sTeflStion 
will^iowTliat  tlnTis^flrc  "caseldso  ^rith  the  Historical  method. 
To  pursue  a  science  historically  is  quite  a  different  thing  from 
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learning  the  bistoiy  of  its  progress.  This  last  pertains  to  the 
study  of  human  lustory,  as  ire  shall  see  when  we  reach  the 
final  division  of  this  work.  It  is  true  that  a  sdence  cannot 
be  completely  understood  without  a  knowledge  of  how  it 
arose;  and  again^  a  dogmatic  knowledge  of  any  science  is 
necessary  to  an  understanding  of  its  lustory ;  and  therefore 
we  shall  notice,  in  treating  of  the  fundamental  sciences^  the 
incidents  of  thdr  origin,  when  distinct  and  illustrative ;  and 
we  shall  use  their  history,  in  a  scientific  sense,  in  our  treat- 
ment of  Social  Physics ;  but  the  historical  study,  important, 
even  essential^  as  it  is,  remains  entirely  distinct  mm  the 
proper  dogmatic  study  of  science.  These  considerations,  in 
this  place,  tend  to  define  more  predady  the  spirit  of  our  course 
of  inquiry,  while  they  more  exactly  determine  the  conditions 
under  which  we  may  hope  to  succeed  in  the  construction  of 
a  true  scale  of  the  aggregate  fundamental  sciences.  Great 
confusion  would  arise  from  any  attempt  to  adhere  strictly  to 
historical  order  in  our  exposition  of  the  sciences,  for  tiiey 
have  not  all  advanced  at  the  same  rate ;  and  we  must  be  for 
ever  borrowing  fix>m  each  some  fact  to  illustrate  another,  with- 
out regard  to  prixmty  of  origin.  Thus,  it  is  clear  that,  in  the 
system  of  the  sciences,  astronomy  must  come  before  physics, 
properly  so  called :  and^ct,  several  branches  of  phyncs,  above 
an^jpticvnatrindispensablc  to  "the 'complete  exposition  of 
ftstcmiomy*.  Minor  directs,  if  incvitable,~canXiot  mvididate  a 
classification  which,  on  the  whole,  fulfils  the'  principal  condi- 
tions of  the  case,  llu^  belong  to  what  is  essentially  artificial 
in  our  division  of  intcQcctual  labour.  In  the  jnain,. however, 
OQx,  classificatimi  agrees  with  the  liistory  of  science ;  the  more 
goicral  and  simple  sciences  actually  occurring  first  and  ad- 
vauQuig  best  in  himuin  lustory,  'aii^^lxniig  foUdwed^by  the 
m^rc  complex  uid  rcsCriciod,  though  all  were,  since  the  jsarliest 
timc^Tc^ilaigiiig  simiiltittroonriy: '    " 

A  simple  mathematical  illustration  will  precisely  represent 
the  difficulty  of  the  question  we  have  to  resolve,  while  it  will 
sum  up  the  prclimiuary  considerations  we  have  just  concluded. 

We  propose  to  classify  the  fundamental  sciences.  They 
are  six,  as  we  shall  soon  see.  ^Ve  cajmot  make  them  less; 
and  most  -scientific  men  would  reckon  them  as  more.  Six 
objects  admit  of  720  different  dispositions,  or,  in  popular 
language,  changes.  Thus  we  have  to  choose  the  one  right 
order  (and  thi^  can  be  but  one  right)  out  of  720  possible 
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ones.  Very  few  of  these  have  ever  lieen  proposed ;  yet  wc 
might  venture  to  say  that  there  is  prolxibly  not  one  in  favour 
of  which  some  plausible  reason  might  not  be  assigned ;  for  ive 
see  the  inldest  divergences  among  the  schemes  which  have 
been  proposed, — the  sciences  which  are  placed  by  some  at  the 
head  of  the  scale  being  sent  by  others  to  the  further  extremity. 
Oiur  problem  is,  then,  to  find  the  one  rational  order,  among  a 
host  of  possible  systems. 

Now  we  must  rcmemlxr  that  we  have  to  look   Tiw  principle 
for  the  principle  of  classification  in  the  oompari-   of  classifica^ 
son  of  the  different  orders  of  phenomena,  through   **^* 
which  science  discovers  the  laws  which  are  her  object.    What 
we  have  to  determine  is  the  rcddcpcndence  of  scientific  stu- 
djes.    Now,  this  dependence  6an  rcsuironly  ffonithat"of  the      . 
cofrcsyw\ding'' jil^icnomcr^^^  %XX\.  obsen-alilc"  phenomena  Toaxj^      ■ 
l)c  jnclurted  intlun  a  very  fcw'natimiT"calcgdric§r«RraW^ 
as  tTiatltlic^tudy  of  *  ca^^  !catcgt)iy  may  bc'  grouiided'5 
principal  laws  of  the  preceding,  and  scne  as  the  basis ^ 
next  ensuhig.   Tliis  order  is  determined  by  XlifiMgss^^QlUixDi' 
pKcity,  or,  what  comes  to  the  same  thing,*  of  g©-    q^    yt- 
ncrality  of  their  phenomena.  Hence  results  their   ^*^*^^*y- 
successive  dependence,  and  the  greater  or  lesser   Dependence 
facility  for  being  studied. 

It  is  dear,  h  priori,  that  the  most  simple  phenomena  must 
be  the  most  general ;  for  whatever  is  obsen-ed  in  the  greatest 
niiinl)cr  of  cases  is  of  course  the  most  disengaored  from  the 
incidents  of  particular  cases.  We  must  begin  then  with  the 
.Htiidy^of  the  most  general  or  Mmplc'pEcnomcn5;4CCUPg^ 
cos^^iy  to  thb  ^nore  particiUar^or  comjJex.  Tliis  must  be 
th(en!t5st'mcthodicri  way,  for  this  ordcr'o?  pccnerality  or  sim- 
plicity  fixes  the  d(^ee  of  facility  in  the  study  of  ])hcnonicnay 
while  it  dctemiines  the  necessarj"  connection  of  the  sciences 
by  the  suoQcssive  dependence  oftheir  phenomena.  It  is 
worthy  of  remark  in  this  place  tTiaTThe  must  general  and 
g»y)lfi  phrnomcna  .arc  ^  the  fiirthesr  rofnoy^^^ 
ordmary  sphere,  and  must  thcfcIjyTic  studied  Jn  a  caliper 
«nd  niorc  rational  frame  of  mind  than  those  in" jiuch  .he 
IS  moSncarly^impIicatccl  ^  an<l  this  constitutes  a  new 
ground  for  the  corrcsix>ndiiig  sciences  being  developed  more 
rapidly. 

We  have  now  obtained  our  rule.     Next  we  proceed  to  our 
classification. 

VOL.   I.  c 
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inorgmiic  and        ^^^^  ^"^  fi"*  struck  by  the  clear  division  of  al 

Oi^uic  phe-     natural  phenomena  iiitp  two.  classes — of  inoi^ 

nic  aiid  of  organic  bodies.     The  organized'  an 

Iendently,  in  fact^  more  complex,  and  less  genenJ  than  .thi 
inorganic^  and  depend  upon  Wcm^  instead  of  being  depcndec 
on  by  thciu.  Tlierefore  it  is.iIuii.phyisioIogical  study  shoulc 
begin  with  inorganic  phenomena;  since  the  organic  include 
all  *lhe  qiialities  belonging  'to  "them,  with  a  special  orde: 
added,  viz.  the  vital  phenomena^  which  belong  to  oi^an 

I  ization.    We  have  not  to  investigate  the  nature  of  either 

for  the  positive  philosophy  does  not  inquire  into  natures 
^Aliether  their  nature  be  supposed  different  or  the  same 

• . ,  it  is  evidently  necessary  to  separate  the  ti^g^studies^of  inor 

ganic  matter  and  of  living  .bodies.  Our  classification  wil 
stand'  tliroiigli  any  future  decision  as  to  the  way  in  whicl 
linng  bodies  are  to  be  regarded;  for,  on  any  supposition,  thi 
general  laws  of  inoi^anic  physics  must  be  established  befon 
we  can  proceed  >nth  success  to  the  examination  of  a  dependcm 

*  L  class  oi  phenomena. 

'\'  Each  of  these  great  halves  of  natural  philosa 

I  IxoBOAKic.    p^y  has'subdiraions.      luorganic  physics  must 

in  accordance  Avith^nr  mle  of  gcncraS]^,  auiid"^tlfc  order  o: 
dependeiice  ofphenomena,  be^  divided  into  twoHscKStions — o: 

•    '  ^  Astronomy    ^0^9?*^.?^*  terrestrial  plicnomena.     Thus  w< 

have  Astrbnoiiiy,  geometrical  and  mechanical 
aud  Terrestrial  Physics,  llie  necessity  of  this  dimion  ii 
exactly  the  same  as  in  the  former  case. 

Astronomical  pbenoinena  arc  the  most  goacraL  simple,  anc 
abstnc^f  all  r  auid'  fhcrcforc  the  study  of  iiatuiraljghilosoph\ 

'.  must  clearly  b^gmwith  thcraTTlic^areTlibmsclvcs  indepen- 

dent, wliilc  the  laws  to  which  they  are  subject  Tnflucnoe  al 
oriicw"wliatsoc>'cr.  Tlie  general  efiects  of  'gra\dtatibii  prepon- 
derate, in  all  terrestrial  phenomena^  over  all  effects  which  maj 
be  peculiar  to  them,  and  modify  the  original  ones.  It  follows 
that  the  analysis  of  the  simplest  terrestrial  phenomenon,  not 
only  chemical,  bu^  even  i^urcly  mechanical,  presents  a  greatei 
i*(impIieation  than  the  most  compound  astronomical  pheno- 

;  menon.     The  most  diilicult  astrononiical  question  involves  lest 

intricacy  than_the  simple  movement  of  even  a  solid  body,  when 
the  determining  circumstances  are  toixrcoinputcdr^^hus  we 

\  see  that  we  must  se^Kiratc  these  two  studies,  and  proceed  tc 

j.  the  second  only  through  the  first,  from  which  it  is  derived. 

i.  ' 
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In  the  same  manner^  we  find  a  natural  division  of  TeiTCstrial* 
Physics  into  two,  according  as  we  regard  bodies  in  their  me- 
chanical or  their  chemical  character.    Hence  we  . 
have  Physics,  properly  so  called,  and  Cnemist^.     •      ^^^^^ 
AgMif,'  the  second  cla^  must^he  ^studied  throng   g  chemiitiy. 
the  first.     Chemical  phenomena  are  more  com- 
pUcated  than  im^cHatiicai;  aSLd   dcgcnd'lljaft^hen^^ 
iiiflucncin^J3[vpm.iiEet\i^^^  * EvciyoncT knows TISt  aU  che- 
mical action  is  first  submitted  to  the  influence  of  weight, 
heat,  electricity,  etc.,  and  presents  moreover  something  which 
modifies  all  these.    Thus,  >vhile  it  follows  Physics,  it  presents 
itself  as  a  distinct  science. 

Such  are  the  di^dsions  of  the  sciences  relating  to  inorganic 
matter.      An  analogous   dinsion  arises  in  the 
other  half  of  Natural  Phflosophy— the  science  of  "'  ^^^^ 
organized  bodies. 

Here  we  find  ourselves  presented  with  two  orders  of  pheno- 
mena j  those  M-liich  relate  to  the  individual,  and  those  which 
relate  to  the  species,  csiiccially  when  it  is  gn^^ous.  ^  With 
regard  to  Alan,  especially,  this  distinction  is  fundamenta!? 
The  last  order  of  phenomena  is  evidently  dependent  on  the 
first,  and  is  more  complex.     Hence^wejiaye  .two  great-sec- 
tions in  organic  physics  —  Physiolc^,  ^ropedy^  . 
so  called,  and  Social  Physics,  whi<^  is. 4^n-    1- ^y«»<»«W- 
dent  on  it.    In  all  Social  phenomena  we  perceive   g.  SocioloeT. 
the  working  of  the  physiological  laws  of  the 
indindualj  and  moreover  something  which  modiMes   their 
effects,  and  whieh  belongs  to  the  influence  of  indi\iduals 
over  each  other — singularly  complicated  in  the  case  of  the 
liumau  race  by  the  influence  of  generations  on  their  successors. 
Tlius  it  is  clear  that  our  social  science  must  issue  from  that 
which  relates  to  the  life  of  the  individual.     On  the  other 
hand,  there  is  no  occasion  to  sup|X)se,  as  some  eminent  phy- 
siologists have  done,  that  Social  Physics  is  oiJy  an  appendage 
to  ])hysiologT. The  phenomena  of  *  the  two  are  not  luenticd^ 

thougirthej'  iiT^J^n^ri^n^rrHiir^^  }< ^^\'  ln«rl^^nipu^iaii/*o  tO 

hold  thcTwo  scK'uccs  sciMiratc.  As  social  conditions  modify 
the  ojH?mtion  of  physiological  laws.  Social  Physics  must  have  a 
»et  of  obscnations  of  its  own. 

It  would  be  easy  to  make  the  divisions  of  the  Organic  half 
of  Science  eon*espond  with  those  of  the  Inorganic,  by  dividing 
physiology  into  vegetable  and  animal,  accoi'ding  to  popular 

c  2 


28  i*       [positive   PlIILOSOPHT. 

custom.  But  this  distinction^  however  important  in  Concrete 
Physics  (in  that  secondary  and  special  class  of  studies  before 
dcdaxed  to  be  inappropriate  to  this  work),  hardly  extends  into 
those  Abstract  Physics  with  winch  we  have  to  do.  Vegetables 
and  animals  come  alike  under  our  notice,  when  our  object  is 
to  learn  the  general  laws  of  life— that  is,  to  study  physiology. 
;  Tousay  nothing  of  the  fact  that  the  distinction  grows  ever 

s  fauitcr  and  more  dubious  with  new  discoveries,  it  bears  no 

relation  to  our  plan  of  research ;  and  we  shall  therefore  eon- 

•  j  sider  that  there  is  only  one  division  in  the  science  of  organized 
;:                   bodies. 

'-  Thus  we  have  Ijcfore  us  Five   fundamental 

1.^  *  Scinicw!"         Sciences  in  successive  de]xnidcncc, — Astronomy, 

'\\  Physics,  Chemistry,  Physiolc^y,  and  finally  Social 

I  Physics.     The  first  considers  the  most  general,  simple,  ab- 

\  stract,  and  remote  phenomena  known  to  us^  and.  th<>se  which 

;   j  affect  .all  others  without  bcuig  aficcted  by  them.  "^  The  last 

<.   '  considers  the  most  particular,  compound,  concrete  pheno- 

^  .mena,  and  those  which  are  the  most  interesting  to  ^fan. 

f  Between  these  two,  the  degrees  of  si)cciaUty,  of  complexity, 

\^  and  iudixiduality  are  in  regular  projiortion  to  the  place  of 

,;'  ;  tlie  respective  sciences  in  the  scale  exliibited.     Tliis — casting 

'  i  out  cverj^tliing  arbitrary — wc  must  n^rd  as  tlie 

v  Their  filiation.    ^^^  filiation  of  the  sciences;  and  in  it  we  find 

the  plan  of  this  work. 

?  *;  m-  '      r           "^*  ^^^  proceed,  we  shall  find  that  the  same 

'  j  Sr  mltf!        principle  which  gives  this  order  to  the  whole 

•  *  !  '  body  of  science  airangcs  the  parts  of  each 
:  science ;  and  its  soundness  will  therefore  be  freshly  attested 
^  as  often  as  it  presents  itself  afresh.    Tlicra  is  no  rcfusing  a 

principle  wliich  distributes  the  interior  of  each  science  after 

the  same  method  with  the  aggregate  sciences.     But  this  is 

not  the  place  in  wliich  to  do  moi*e  than  indicate  what  we 
i  shall  contemplate  more  closely  hereafter.     We  must  now  ra- 

pidly  re\*iew  some  of  the  IcaiUng  properties  of  the  hierarchy 

of  science  that  has  been  disdos^ 
»  .  Tliis  gnidation  is  in  essential  confonnity  \nth 

rormbointiont.  ^^^^  OTdcrwliich  has  btfrBI^mcouay  takeiTpacc 
^  1.  TliM  claMi-    among  the  branches  of  natui-al  philosophy,  when 

nio*wkT^^*   pursued  separately,  and  witiiout  any^  purpose  of 
\  iliiologiTO  of      establishing  such  onlcri'  "  Such  an  acconlance  is 

I.  dcicuoe*.  a  strong  presumption  that  the  arrangement  is 


J'-'J '  "\     ^ 


\ 


CLASSIFICATION    CORROBORATED.  29 


natural.  Again,  it  coincides  ^vith  the  actual  development 
of  nsitural  philosophy.  If  no_ leading  science  can  be  eflTec- 
tually  pursued  otherwise  tlian  through  those  which  precede 
it  in  the  scale,  it  is  cridcnt  that  no' vast  development "  of  ftny 
science  could  take  place  prior  to  the  great  astronomical'  dis- 
coveries to  which  we  owe  the  impulse  given  to  the  whole. 
The  progression  may  since  have  been  simultaneous  ;'l3ut  it 
has  taken  place  in  the  order  we  have  reoognized. 

Tliis  consideration  is  so  important  that  it  is 
difficult  to  understand  without  it  the  history  of  ^^^[^J^ 
the  human  mind.  The  general  law  which  govemB  ^^^^ 
this  history,  as  we  have  already  seen,  cannot  be  verified, 
unless  we  combine  it  with  the  scientific  gradation  just  laid 
down  :  folr  it  is  according  to  this  gradation  that,the^different 
human  thconcniavc  attained  in  succession  the  Jheolcgcal 
state,  the  metaphysical,  and  finally  the  positive.  If  we  do 
not  Ix^ar  in  mind  the  law  which  governs^  progression,  we  shall 
encoimtcr  insiu*mountable  difiiculties :  f<^pit  is_cl(^r  that  the 
thcolggical  ornictjiphysical  state,  of  somcmncGmciitar  miaSnS 
musT  havcTcmporarily  coincided  with  the  positive  state  of 
othci;s  wliich  precede  ihcm  in  our  cstablishcaff^dation,  and 
actually  liavc  at  times  coincided  with  them ;  and  "tEis  must 
involve  the  law  itself  in  an  obscurity  which  can  be  cleared 
up  only  by  the  classification  we  have  proposed. 

Again,  this  classification  marks,  with  precision,  a.  Harks  reh- 
the  relative  perfcctibn  of  the  different] sciences,  tire  perfiBction 
whiclr"WnMstr1u'fhc"Tl"egfce  oT  precision  of  «*■««««•• 
knowIc(Igc7"Slid-iii  -the  rdgtioiT'bf  its  different  branches.  It 
is  easy  IK^sce  that  thc'mofc  general,  simple,  and  abstract  any 
phenomena  are,  the  less  they  depend  on  others,  and  the  more 
precise  they  are  in  themselves,  and  the  more  dear  in  their 
relations  with  each  other.  Thus,  org^iie  phenomena  are  less 
exact  and  systematic  than  inorganic ;  aiift*  of  these  again  ier- 
resfinal  are  less  exact  and  systematic  than  those  of  astronomy. 
Tins  fact  is  completely  accounted  for  by  the  gradation  we  have 
laid  down ;  and  we  shall  see  as  we  proceed,  that  the  possibiUty 
of  applying  mathematical  analysis  to  the  study  of  phenomena 
18  exactly  in  proportion  to  the  rank  which  they  hold  in  the 
scale  of  the  whole. 

Therc  is  one  liability  to  be  giuinled  agiunst,    IMecti  an  in 
which  we  may  mention  here.     We  niust  SwvMC    w»,not  in 
of  eoiifouu^Uiug  tlie.d<^iiee-^»iwecuuou*4i'liidi    •**^"*^*- 
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we  are  able  *^  ftHAin  hi.  roganl  j^o  pmy_  scienoef  iritlijibe .  cer- 
tainty  of  the  science  itself.    The  certainty  of  science,  and  our 
precision^  in  the   knowledge    of    it,  are  two  very  different 
things,  which  have  been  too  often  confounded ;  and  are  so 
still,  though  less  than  formerly.    A  Ycry  absard-proposition 
ilUiybe^iy  precise;  as  if  we  should  say,  for  instance,  that 
the  sum  ot  tlic  Itnglcs  of  a  triangle  is  equal  to  three  right 
angles;  and  a  very  certain  pro|)Osition  may  be  wanting  in 
prcdsion  in  oiur  statement  of  it;  as,  for  instance,  when  we 
assert  that  every  man  will  die.     If  ^he  different  sdcnc^  offer 
to  us  a  varying  degree  of  precisionTit  is  frdm'ndTxfaut  of.  ccr- 
tain^inlG'cmsclvcs,  but  of  our  mastery  of  their  phenomena. 
Theunost  intCTcstingjpropcrty  of  oiir  formula 
^j^2[^^       of^mdation  is  its"3rect  on  e3ucati9n^^th  ge- 
ncral~imd' scientific.'    Tliis  is  its  direct  and 'un- 
questionable result.     It  will  be  more  and  more  evident  as 
we  proceed,  that  no  science  can  be  effectually  pmrsued  ^nth- 
out  the  preparation  of  a  competent  knowledge  of  the  anterior 
scienecs  on  which  it  depends.     Physical  pliilosophers  cannot 
understand  Physics  without  at  least  a  general  jLaowlcdge  of 
Astronomy ;  nor  Qicmists,  without  Physics  and  Astronomy ; 
nor  Physiologists,   Mithout  Chemistry,  Physics,  and  Astro- 
nomy ;   nor,  above  alL  the    students  of    Social  philosophy, 
without  a  general  knowledge  of  all  flie  antenorisdences.     As 
such  oouditions  are,  as  yet,  rarclylfinfincd,' aiidas  no^rganiza- 
tion  exists  for  their  fulfilment,  there  is  amongst  us,  in  fact, 
no  rational  scientific  education.      To  this  may  be  attributed, 
in  great  part,  the  imperfection  of  even  the  most  important 
/ 1  scienecs  at  this  dav.     If  the  fact  is  so  in  regard  to  scientific 
I  education,  it  is  no  less  striking  in  rcganl  to  general  education. 
J  Our  Jntdlcctual  8ystcm  cannot  be  renovated  JiU^thc^natural 
I  sdenceslTO^sttfdTcd'lir  thcir"'pr6pcr  order.     Even  the  highest 
understandiiigs  are^i4>l'~to'aisociatc  their  ideas  according  to 
the  order  in  wliich  they  were  received :  and  it  is  only  an  in- 
tellect here  and  there,  in  any  age,  wliich  in  its  utmost  vigour 
can,  like  Bacon,  Descartes,  and  Leibnitz,  make  a  clearance  in 
their  field  of  knowlalge,  so  as  to  reconstruct  from  the  foun- 
dation their  system  of  ideas. 

Such  is  the  operation  of  our  great  law  upon 
MdillT  »cientific  education  through  its  effect  on  Doctrine. 

AVe  c^innot  appreciate  it  duly  without  seeing  bow 
it  affects  Metliod. 


KPFECT  ON    METHOD.  k  SI 

As  the  phenomena  M-hich  arc  homogeneous  have  been 
classed  under  one  science^  M'hilc  those  which  belong  to  other 
sciences  arc  heterogeneous,  it  follows  that  the  Positive  MeAod 
must  1)6  constantly  modified  in  an  uniform  manuof  Jn^lhe 
range  of  tlie  suaincluudaiiicntal  8delicc78^i2'^^  uiiOci^  mo- 
difications, diftcrent  and  more  and  more  comprondrlirjjassing 
fi'om  onc^scicncc  to  aiiothcr.  Tlius,  under  tlic  'safleliJJJriown, 
we  shall  mcctVSli  iFin  all  its  varieties ;  which  could  n^ljap- 
pcnTf  "trc  were  to  adopt  a  scale  which  should  not  fiiWl  ih4~ 
conditions  we  liave  admitted.  Tliis  is  an  all-iniportantconsi- 
deration ;  for  if,  as  we  have  already  seen,  we  cannot  under- 
stand the  positive  method  in  the  abstract,  but  only  by  its  appli- 
cation, it  is  clear  that  we  can  have  no  adequate  conception  of  it 
but  by  studying  it  in  its  varieties  of  application.  No  one  science, 
however  well  cho^*n,  could  exhibit  it.  Tliough  the  Method  is 
always  the  samc^  its  jirocedurc  i&  varied. ,;  JJorinstettOg^it 
shdiudljc~Ubscr\:atIon  with  regard  to  one  kind  of  phenomena, 
an(I  Expcriincnt  with  regard  to  another;  and  differciirEnids 
of  cxi)crimcnt,  according  to  the  case.  In  the  same  way,  a 
general  precept,  derived  from  one  fundamental  science,  how- 
ever applicable  to  another,  must  have  its  spirit  presented  by  a 
reference  to  its  origin ;  as  in  the  case  of  the  theory  of  Classi- 
fications. The  best  idea  of  the  Positive  Method  would,  of 
course,  be  obtained  by  the  study  of  the  most  primitive  and 
exalted  of  the  sciences,  if  we  were  confined  to  one;  but  this 
isolated  view  Mould  give  no  idea  of  its  capacity  of  application 
to  others  in  a  modified  form.  £ach  science  has  its  o^-n  proper 
advantages;  and  without  some  knowledge  of  them  all,  no 
conception  can  be  formed  of  the  power  of  tlie  Method. 

One  more  consideration  must  be  briefly  ad- 

verted   to.     It  is  necessary,  not  only  to  have   Std^cSr*^ 

a  general  knowledge   uf  allele   seienues,  bUC 

to  study  them  in  their  order.       \V  liat  can  come  of  a  study 

of  complicated  phenomena,  if  the  student  have  not  learned, 

by  the  contemplation  of  the  sirapler,"whiil  u  Law  is,  wliuTlt 

is  to  Observe;  what  a  Positive  conception  is;  and  even  what 

a  chain  of  reasoning  is?     Yet  this  is  the  way  our  young 

physiologists  proceed  every  day, — phuiging  into  the  study  of 

living  Ixxlies,  without  any  other  preparation  than  a  know- 

'     ledge  of  a  dead  language  or  two,  or  at  most  a  superficial  ae- 

I     qunintanec  with  Physics  and  Chcmistrj',  acquired  without  any 

I     philosophical  method,  or  reference  to  any  true  point  of  de- 
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pmtiue  in  Nattuml  philosophy.  In  the  same  way^  with  re- 
gard to  Social  .phenomena,  wluch  arc  yet  more  -complicated, 
irhat  can  be  effected  but  by  the  rectification  of  the  intellectual 
instrument,  tlirough  an  adequate  study  of  the  range  of  ante- 
rior phenomena?  There  are  many  who  admit  this :  but  they 
do  not  see  how  to  set  about  the  work,  nor  understand  the  Me- 
thod itself,  for  want  of  the  preparatory  study;  and  thus,  the 
admission  remains  barren,. and  social  theories  abide  in  the 
thcolc^cal  or  metaphysical  state,  in  spite  of  the  efforts  of 
those  who  believe  themselves  positive  reformers. 

These,  then,  are  the  four  points  of  \icw  under  which  we 
have  recognized  the  impoi*tauce  of  a  Rational  and  Positive 
Classification. 
., . It  cannot  but  have   been  observed  that   in 

our  enumeration  of  the  scieuc^^  there  is  a  pro- 
digious omission.    \We  have  said  nothing  of  Mathematical 
science.    Tlie  omission  was  intentional ;  and  the  reason  is  no 
other  than  the  vast  importance  of  mathematics.    This  science 
t  will  be  the  first  of  which  we  shall  treat.     ^Icantimc,  in  order 

not  to  omit  from  our  sketch  a  department  so  prominent,  we 
may  indicate  here  the  general  rcsidts  of  the  study  we  are  about 
to  enter  upon. 

Adcnartmout    ^'*  *^*®  prcscnt  statc  of  our  knowledge  we  must 

^^         '    regard  Alathcmatics  less  as  a  constituent  part  of 

natural  pliilosophy  than  as  ha^-ing  been,  since  the  time  of 

AbMis.  Descartes  and  Newton,   the  true  basis  of  the 

whole  of  natural  philosophy ;  though  it  is,  ex- 
actly speaking,  both  the  one  and  the  otlier.  To  us  it  is  of 
less  value  for  the  knowledge  of  which  it  consists,  substantial 
and  valuable  as  that  knowledge  is,  than  as  Ix^hig  the  most 
AniiwtniiDcnt  1^^'^^*^"^  instnimciit  that' the  human  mind  can 
\  t  '  employ  in  the  investigation  of  the  laws  of  natu- 

*   ral  phenomena. 

In  due  precision.  Mathematics  must  be  divided 
^f;ipj^^  into  two  great  sciences,  quite  distinct  from  each 

other — ^Al»stract  I^Iathematics,  or  the  Calcultts 
(taking  the  wonl  in  its  most  extended  sense),  and  "Concrete 
]\Iatliematics,  which  is  coniix)scd  of  General  Geometry  and  of  ^ 
Rational  Mechanics.  The  Concrete  part  is  necessarily  founded 
on  the  Alistract,  and  it  becomes  in  its  turn  the  Irasis  of  all 
natural  philosophy;  all  the  phenomena  of  the  universe  being 
regardccl,  as  far  as  jjossiblc,  as  geometrical  or  mechanical. 
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Tlic  Abstract  portion  is  the  only  one  which  is    Attract  ma- 
purcly  instrumental,  it  being,  simply  an  immense   t1i<nnntiot  an 
extension  of  natural  lo^e  to  a  ccrtiun  order  of  >»«♦"""«*• 
dcductioiisr'  '^  tjconictry  aiul  mechanics  must,  on    ConmH«ma- 
the  contniry,  be  regarded  as  true  natural  sciences^    tlteiuatios  a 
founded^  like  all  others,  on  observation,  though,    •cienoe. 
by  the  extreme  simplicity  of  their  phenomena,  they  can  be 
systematized  to  much  greater  perfection.     It  is  this  capacity 
which  has  caused  the  experimental  character  of  their  first 
principles  to  be  too  much  lost  sight  of.     But  these  two  phy- 
sical sciences  have  this  i)eeuliarity,  that  they  are  now,  and  will 
be  more  and  moix;,  employed  rather  as  method  than  as  doctrine. 

It  needs  scarcely  1x5  iK>inted  out  that  in  placing  ]^f  athematics 
at  the  head  of  Positive  Philosophy,  we  are  only  extending  ihe 
application  of  the  principle  which  has  govcmod  -oar-^hole 
Classification.  "We  are  simply  carr}'ing  back  our  prmjjiplft  to 
its  first  "manifestation^  Geometrical  and  ^lechaiucal  nheno- 
mena  are  the  most  general,  the  most  simple^  tlie  most  attract 
of  all, — ^thc  most  iiTcduciblc  to  othcrej  the .  m'pst^iiulependent 
of  them;  serving^  i^  f^ct^  ^  &  basis  to  all^c^hcrs.  It  ioOows 
thai  thc^udy  of  them  is  an  indispensable  preliminary  to  that 
of  all  others*.  Therefore  must,2Iathcmatic8  hold  the  first 
place  hi  the  hierarchy  of  the  sciences,  and  be  the^Mathcroatict 
point  of  deixirture  of  all  Educatioii,  wlicllter  gc-  prc-«iiiiientm 
neral  or  six^cial.  In  an  empirical  way,  tins  has  *^*»^* 
hithei*to  been  the  custom, — ^a  custom  wliich  arose  from  the 
great  antiquity  of  mathematical  science.  "We  now  see  why  it 
must  be  renewed  on  a  rational  foundation. 

AVe  have  now  considered,  in  the  form  of  a  philosophical 
problem,  the  rational  plan  of  the  study  of  the  Positive  Philo- 
sophy.    Tlic  onler  that  residts  is  this;  an  order  which' of  all    ' 
l)0ssible  arrangements  is  the  only  one  that  accords  \i-ith  the 
natural  manifestation  of  all  phenomena.  ^[ATH£MAXi£i^.AsTRO-  / 
xoMv,  Pnvsics,  Chemistry,  Physiology,  Social  Physics.     « 
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CHAPTER  I. 

MATHEMATICS,  ABSTRACT  AXD  CONCBETB. 

Wb  are  now  to  enter  upon  the  study  of  the  first  of  the  Six 
great  Sciciices :  and  we  begin  by  establishing  the  importance 
<tf  the  PositiYe  Philosophy  in  j)erfecting  the  character  of  each 
sdcnoe  in  itself. 

Though  Mathematics  is  the  most  ancient  and  the  most  per- 
fect science  of  all,  the  general  idea  of  it  is  far  from  being 
dearly  determined.  The  definition  of  the  science,  and  its  chief 
diviflions,  have  remained  up  to  this  time  vague  and  uncertain. 
The  plural  form  of  tlie  name  (grammatically  used  as  singular) 
indiiatcs  the  want  of  unity  in  its  philosophical  character,  as 
commonly  conceived.  In  fact,  it  is  only  since  the  beginning 
of  the  last  century  that  it  could  be  conceived  of  as  a  whole ; 
and  since  that  time  geometers  have  been  too  much  engaged  on 
its  diflcrcnt  branches,  and  in  applying  it  to  the  most  impor- 
tant laws  of  the  universe,  to  have  much  attention  left  for  the 
general  svstem  of  the  science.  No\y  however  the  pursuit  of 
its  specialities  is  no  longer  so  engrossing  as  to  exclude  us  from 
the  study  of  Mathematics  in  its  unity.  It  has  now  reached  a 
decree  of  consistency  which  admits  of  the  effort  to  reduce  its 
parts  into  a  sytftem,  in  prei)aration  for  further  advance.  The 
latest  acliicvcnieuts  of  mathematicians  have  prepared  the  way 
(  for  this  by  cxideucing  a  character  of  unity  in  its  princii)al 

I.  imrts  whicli  was  not  bcforc  known  to  exist.   Such  is  eminently 


NATURE   AND   OBJECT   OP   MATHEMATICS.  85 

the  spirit  of  the  great  author  of  the  Theory  of  Fonctiona  and 
of  Analytical  jVIechanics. 

The  common  description  of  Mnthematicsy  as /Ae 
science  of  Magnitudes^  or,  somewhat  more  posi-  J^a^^iSw!** 
tively,  the  science  which  relates  to  the  Measure^ 
ment  of  Magnitudes,  is  too  rugae  and  unmeaning  to  have  been 
used  but  for  want  of  a  better.  Yet  the  idea  contained  in  it 
is  just  at  bottom,  and  is  even  sufficiently  extensive,  if  pro- 
perly understood;  but  it  needs  precision  and  depth.  It  is 
important  in  such  matters  not  to  depart  unnecessarily  from 
notions  generally  admitted;  and  we  will  therefore  see  how, 
from  this  point  of  new,  we  can  rise  to  such  a  definition  of  Ma- 
thematics as  ii-ill  be  adequate  to  the  importance,  extent,  and 
difficulty  of  the  sdenoe. 

Our  first  idea  of  measuring  a  magnitude  is  ^^^  ^ 
simply  that  of  comparing  the  magnitude  in  ques-  ^^Siwrtict. 
tionwith  another  supposed  to  be  known,  which  is 
taken  for  the  unit  of  comparison  among  all  others  of  the  same 
kind.  Tlius,  when  we  define  mathematics  as  being  the  measure- 
ment of  magnitudes,  we  give  a  vcit  imi)crfect  idea  of  it,  and  one 
which  seems  to  bear  no  relation,  m  this  respect,  to  any  science 
whatever.  We  seem  to  speak  only  of  a  series  of  mechanical  pro- 
cedures, like  a  superposition  of  lines,  for  obtaining  the  com- 
parison of  magnitudes,  instead  of  a  vast  chain  of  reasonings,  in- 
exhaustible by  the  intellect.  Nevertheless,  this  definition  has 
no  other  fault  than  not  being  deep  enough.  It  does  not  mis- 
take tlie  real  aim  of  mathematics,  but  it  presents  as  direct  an 
object  which  is  usually  indirect;  and  thus  it  misleads  us  as  to 
the  nature  of  the  science.  To  rectify  tliis,  we  must  attend  to  a 
general  fact,  which  is  easily  established;  that  the  direct  mea- 
smrement  of  a  magnitude  is  often  an  impossible  operation;  so 
tliat  if  we  had  no  other  means  of  doing  what  we  want,  we 
must  often  forego  the  knowledge  we  desire.  We  can  rarely 
even  measure  a  right  line  by  another  right  line ;  and  this  is  the 
simplest  measurement  of  all.  Tlie  vciy  first  condition  of  this 
is  that  we  should  be  able  to  traverse  the  line  from  one  end  to  the 
other ;  and  this  cannot  1x3  done  liiith  the  gi'cater  number  of 
the  distances  which  interest  us  the  most.  We  cannot  do  it 
with  the  hcavcidy  bodies,  nor  with  the  earth  and  any  heavenly 
Ixxly,  nor  even  with  many  distances  on  the  earth ;  and  again, 
the  length  must  1x3  neither  too  great  nor  too  small,  and  it 
must  be  conveniently  situated;  and  a  line  which  could  be 
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earily  measured  if  it  were  horizontal  becomes  impracticable  if 
Tcrtical.  There  are  so  few  lines  capable  of  being  directly 
measured  Trith  precision,  that  \re  are  compelled  to  resort  to 
artificial  lincs^ 'created  to  admit  of  a  direct  dctermiuationy  and 
to  be  the  point  of  reference  for  all  others.  If  there  is  diffi- 
culty about  the  measurement  of  lines,  the  embarrassment  is 
jnu^  greater  when  \re  have  to  deal  with  siurfaces,  volumes, 
velocities,  times,  forces,  etc.,  and  in  general  with  all  other 
magnitudes  susceptible  of  estimate,  and,  by  their  nature,  dif- 
ficult of  direct  measurement.  It  is  the  general  fact  of  this 
difficulty,  inherent  in  almost  every  case,  x^'liich  necessitates 
the  formation  of  mathematical  science ;  for,  finding  direct 
measurement  so  often  impossible,  we  are  compelled  to  devise 
means  of  doing  it  indirectly.     Hence  arose  Alathematics. 

The  general  method  employed,  and  the  only 
^^lod  conceivable  one,  is  to  connect  the  magnitudes  in 
question  ^rith  some  that  can  be  directly  deter- 
mined, and  thus  to  ascertain  the  former,  through  their  re- 
lations M'ith  the  latter.  Such  is  the  precise  object  of  Mathe- 
matics, reganled  as  a  whole.  To  form  anything  like  a  worthy 
idea  of  it,  we  must  remember  that  the  indirect  determination 
of  magnitudes  may  have  many  degrees  of  indhectncss.  It 
often  happens  tliat  the  magnitudes  to  which  undetermined 
magnitudes  are  to  be  rcfciTcd  cannot  themselves  be  measured 
directly,  and  must  themselves  be  made  the  subject  of  a  prior 
process,  and  so  on  tlirough  a  whole  series;  and  thus,  the  mind 
is  often  obliged  to  establish  a  long  course  of  intermediaries 
between  the  one  and  the  other  point  of  the  inquir}' — ^points 
which  may  appear  at  the  outset  to  have  no  connection  what- 
ever. 

E   mnles.  ^^  *^"*  appears  too  abstract,  it  may  become 

samples.  piuj^  |jy  a  fcw  examples.  In  obscniag  a  fall- 
ing body,  we  are  awai*e  that  two  quantities  are  involved: 
the  height  from  which  the  body  falls,  and  the  time  occupied 
in  its  descent.  Tlicse  two  quantities  arc  connected,  as  they 
vary  together,  and  together  remain  fixed.  In  the  language 
of  mathematicians,  they  are  functions  of  each  other.  The 
measurement  of  one  being  impracticable,  it  is  supplied  by 
that  of  the  other.  By  obscning  the  time  occupied  by  a 
stone  in  falling  down  a  precipice,  we  can  ascertain  the 
height  of  the  precipice  as  accurately  as  if  we  could  measure 
it  with  a  horizontal  line.    In  another  case,  we  may  be  able 
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to  know  the  lidglit  wlicnce  a  body  has  fallen,  and  unable 
to  obscn'e  the  time  with  precision,  and  then  we  must  have 
recourse  to  the  iuva*se  questioUy — ^to  detcmiine  the  time  by 
tlie  distance;  as,  for  instance,  if  we  were  to  inquire  how 
long  it  would  take  for  a  body  to  fall  from  the  moon.  In  these 
cases,  the  question  is  vcit  simple,  sup^xwiug  wc  do  not  com- 
plicate it  Tidth  considerations  of  intensity  of  gra\ity,  resistance 
of  a  fluid  medium,  etc.  But,  to  enlarge  the  question,  we  must 
contemplate  the  phenomenon  in  its  greatest  generality  by  sup- 
posing the  fall  to  be  oblique,  and  taking  into  account  all  the 
principal  circumstances.  Then,  instead  of  two  variable  quan- 
tities, simply  connected,  the  phenomenon  Mill  present  a  con- 
siderable niunber , — ^thc  space  traversed,  whether  in  a  vertical 
or  horizontal  direction ;  the  time  employed  in  traversing  it : 
the  velocity  of  the  body  at  each  point  of  its  course ;  and  even 
the  intensity  and  direction  of  the  impulse  which  sent  it  foith ; 
and  finally,  in  some  cases,  the  resistance  of  the  medium,  and 
the  intensity  of  graAity.  All  these  quantities  ai*e  so  connected 
that  each  in  its  turn  may  be  dctennined  indii*cctly  by  means 
of  tlie  others,  and  thus  we  shall  have  as  many  mathematical 
inquiries  as  there  are  magnitudes  coexisting  in  the  phenome- 
non considered.  Such  a  very  simple  change  as  this  in  the 
physical  conditions  of  a  problem  may  place  a  mathematical 
question,  originally  quite  elementary,  in  the  rank  of  those 
difficult  questions  whose  complete  and  rigorous  solution  tran- 
scends the  power  of  the  human  understanding. 

Again,-rwe  may  take  a  geometrical  example.  We  want  to 
determine  a  distance  not  dii*cctly  measurable.  We  shall  con- 
ceive of  it  as  making  a  part  of  nomc  fit/ure,  or  system  of  lines 
of  some  sort,  of  which  the  other  ^larts  are  directly  measur- 
able ;  let  us  say  a  triangle  (for  this  is  the  simplest,  and  to  it 
all  others  arc  roiucible).  Tlie  distance  in  question  is  supposed 
to  form  a  ix>rtion  of  a  triangle,  in  which  wc  arc  able  to  de- 
termine directly,  either  another  side  and  two  angles,  or  two 
sides  and  one  angle.  The  knowledge  required  is  obtained  by 
the  mathcmaticd  la1x>ur  of  deducing  the  unknown  distance 
from  tlic  obscncd  elements,  by  means  of  the  relation  between 
them.  The  process  may,  and  commonly  does,  lxxx>me  highly 
complicated  by  the  elements  snp)x>seci  to  be  kiio\i*n  being 
themselves  determinable  only  in  an  indirect  manner,  by  the  aid 
of  fresh  auxiliar}'  systems,  the  number  of  which  may  be  very 
considerable.  Tlie  distance,  once  ascertained,  will  often  enable 
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118  to  obtain  iiefw  quantities,  which  irill  offer  occasion  for  ne^ 
mathematical  questions.  Thus,  when  \re  once  know  the  dis- 
tance of  any  object,  the  observation,  simple  and  alwap  pos- 
flible,  of  its  apparent  diameter,  may  disclose  to  us,  with  cer- 
tainty, however  indirecdy,  its  real  dimensions ;  and  at  length, 
by  a'series  of  analogous  inquiries,  its  surface,  its  volume,  even 
its  weight,  and  a  multitude  of  other  qualities  which  might 
have  seemed  out  of  the  reach  of  our  knowledge  for  ever.  It 
is  by  such  labours  that  Man  has  learned  to  know,  not  only  the 
distances  of  the  planets  from  the  earth  and  from  each  other, 
but  their  actual  magnitude, — ^their  true  form,  even  to  the  in- 
equalities on  their  surface,  and  (what  seems  much  more  out  of 
his  reach)  thdr  respective  masses,  their  mean  densities,  and 
the  leading  circumstances  of  the  fall  of  heavy  bodies  on  their 
respective  surfaces,  etc.  Through  the  power  of  mathemati- 
cal theories,  all  this  and  very  much  more  has  been  obtained 
hv  means  of  a  very  small  number  of  straight  lines,  properly 
chosen,  and  a  larger  number  of  angles.  AVe  might  even  say, 
to  describe  the  general  bearing  of  the  science  in  a  sentence, 
that,  but  for  the  fear  of  multiplying  mathematical  operations 
unnecessarily,  and  for  the  consequent  necessity  of  rcser^-ing 
them  for  the  determination  of  quantities  which  could  not  be 
measured  directly,  the  knowledge  of  aU  magnitudes  suscepti- 
ble of  precise  estimate  which  can  be  offered  by  the  various 
orders  of  phenomena,  would  be  finally  reducible  to  the  imme- 
diate measurement  of  a  single  straight  line,  and  of  a  suitable 
number  of  angles. 

Truodcfinitkm  We  can  now  define  ^iathematical  science  with 
of  inatbe-  precision.  It  has  for  its  object  the  indirect 
maticf.  measurement  of  magnitudes,  and  it  proposes  to 

determine  magnitudes  by  each  other,  according  to  the  precise 
relations  which  exist  between  them.  Preceding  definitions  have 
given  to  Mathematics  the  character  of  an  Art ;  this  raises  it 
at  once  to  the  rank  of  a  true  Science.  According  to  this 
definition,  the  spirit  of  ^lathematics  consists  in  regarding  as 
mutually  connected  all  the  quantities  which  can  be  pre- 
sented by  any  phenomenon  whatsoever,  in  onlcr  to  deduce 
all  from  each  other.  Now,  there  is  evidently  no  phenomenon 
whicli  may  not  Ix;  reganled  as  affonling  such  considerations. 
Hence  results  the  natiu^lly  indefinite  extent,  and  the  rigor- 
ous logical  luiiversality  of  Mathematical  science.  As  for  its 
actual  pmctical  extent)  we  sliall  sec  wliat  that  is  hereafter. 
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These  explanations  justify  the  name  of  Mathematics,  ap- 
plied to  the  science  we  are  considering.  By  itself  it  signifies 
Science.  Tlie  Greeks  had  no  other,  and  we  may  call  it  the 
science;  for  its  definition  is  neither  more  nor  less  (if  we  omit 
the  specific  notion  of  magnitudes)  tlian  the  definition  of  all 
science  whatsoever.  All  science  consists  in  the  co-ordination 
of  facts ;  and  no  science  could  exist  among  isolated  observa- 
tions. It  might  even  be  said  that  Mathematics  might  enable 
us  to  dispense  with  all  direct  obscr\'ation,  by  empowering  us  to 
deduce  from  the  smallest  possible  number  of  immediate  data 
the  largest  possible  amount  of  results.  Is  not  this  the  real 
use,  both  in  speculation  and  in  action,  of  the  laws  which  we 
discover  among  natural  phenomena?  If  so,  Mathematics 
merely  urges  to  the  ultimate  degree,  in  its  own  way,  researches 
which  every  real  science  pursues,  in  various  inferior  iegrecB, 
in  its  own  sphere.  Thus  it  is  only  through  Mathematics  that 
we  can  thoroughljr  understand  what  true  science  is.  Here 
alone  can  we  find  m  the  highest  degree  simplicity  and  severity 
of  scientific  law,  and  such  abstraction  as  the  human  mind  can 
attain.  Any  scientific  education  setting  forth  from  any  other 
point,  is  faulty  in  its  basis. 

Thus  far,  we  have  viewed  the  science  as  a  whole.  We  must 
now  consider  its  primary  division.  The  secondary  divisions 
will  be  laid  down  afterwards. 

Every   mathematical   solution    spontaneously  ^^.^^^    _ 
separates  into  two  parts.     Tlie  inquiry  being,  as 
we  have  seen,  the   determination  of  imknown   magnitudes, 
through   their  relation  to  the  kno^^Ti,  the  student  must,  in 
the  first  place,  ascertain  what  these  relations  are, 
in  the  case  under  his  notice.  Tliis  first  is  the  Coit-    S^j^™"* 
Crete  part  of  the  inquiry.     AMien  it  is  accom-      ^^' 
plished,  what  remains  is  a  pure  question  of  numbers,  consisting 
simply  in  the  determination  of  miknown  numbcro,  when  we 
know  by  what  relation  they  arc  connected  with  kno^Ti  numbers. 
This  second  operation  is  the  Abstract  part  of  the  inquiry.    The 
primari'  dinsion  of  Mathematics  is  therefore  into  two  great 
sciences : — Abstract  Mathematics,  and  Concrete  Mathe- 
matics.    Tliis  dinc-ion  exists  in  all  complete  mathematical 
questions  whatever,  whether  more  or  less  simple. 

Rccuning  to  the  simplest  case  of  a  falling  body,  we  must 
1x*«rin  by  learning  the  relation  Ix^twocn  the  height  from  which 
it  falls  and  the  time  occupied  in  falling.     As  Geometers  say. 
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we  must  find  the  equation  which  exists  between  them.  Till 
this  is  done,  there  is  no  basis  for  a  computation.  This  ascer- 
tainment may  be  extremely  difficult,  and  it  is  incomparably 
the  superior  part  of  the  problem,  llie  true  scientific  spirit  is 
so  modem,  that  as  far  as  we  know,  no  one  before  Galileo  had 
remarked  the  acceleration  of  velocity  in  a  falling  bod^,  the 
natural  supposition  having  been  that  the  height  was  in  uniform 
proportion  to  the  time.  This  first  inquiry  issued  in  the  dis- 
ooverr  of  the  law  of  Galileo.  The  Concrete  part  being  ac- 
complished, the  Abstract  remains.  We  have  ascertained  that 
the  spaces  traversed  in  each  second  increase  as  the  series  of 
odd  numbers,  and  we  now  have  only  the  task  of  the  computa- 
tion of  the  height  firom  the  time,  or  of  the  time  from  the 
height;  and  this  consists  in  finding  that,  by  the  established 
law,  the  first  of  these  two  quantities  is  a  known  multiple  of 
the  second  power  of  the  other ;  whence  we  may  finally  deter- 
mine the  value  of  the  one  when  that  of  the  other  is  given. 
In  this  instance  the  concrete  question  is  the  more  difficult  of 
the  two.  If  the  same  phenomenon  were  taken  in  its  greatest 
generality,  the  reverse  would  be  the  case.  Take  the  two  to- 
gether, and  they  may  be  regarded  as  exactly  equivalent  in 
difficulty.  The  mathematical  law  may  be  easy  to  ascertain, 
and  difficult  to  work ;  or  it  may  be  difficult  to  ascertain,  and 
easy  to  work.  In  importance,  in  extent,  and  in  difficulty, 
these  two  great  sections  of  Mathematical  Science  will  be  seen 
hereafter  to  be  equivalent. 

Their  diflcnmi       We  have  sccn  the  dificrencc  in  their  objects, 
natiim.  Tlicy  are  no  less  dificrent  in  their  nature. 

The  Concrete  must  depend  on  the  character  of  the  objects 
examined,  and  must  vary  when  new  phenomena  present  them- 
selves: whereas,  the  Abstract  is  wholly  independent  of  the 
nature  of  the  objects,  and  is  concerned  only  ^nth  their  nume- 
rical relations.  Thus,  a  great  variety  of  phenomena  may  be 
brought  mider  one  geometrical  solution.  Cases  which  appear 
as  unlike  each  other  as  possible  may  stand  for  one  another 
under  the  Abstract  process,  which  thus  serves  for  all,  while  the 
Concrete  process  must  be  new  in  each  case.  Thus  the  Concrete 
process  is  Special,  and  the  Abstract  is  General.  The  character 
of  the  Concrete  is  experimental,  physical,  phenomenal :  while 
the  Al)stract  is  purely  l(^cal,  rational.  The  Concrete  part  of 
every  mathematical  question  is  necessarily  founded  on  consi- 
deration of  the  external  world;  while  the  Abstract  part  con- 
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sists  of  a  series  of  Ic^cal  deductions.  The  equations  being 
once  found,  in  any  case,  it  is  for  the  understanding,  without 
external  aid,  to  educe  the  results  which  these  equations  contain. 

We  see  how  natural  and  comxJete  this  main  division  is. 
We  will  briefly  prescribe  the  limits  of  each  section. 

As  it  is  the  business  of  Concrete  Mathema- 
tics  to  discover   the  equations  of  phenomena,   SSiS^tiea. 
we  might  suppose  that  it  must  comprehend  as 
many  distinct  sciences  as  there  are  distinct  categories  of  phe- 
nomena;  but  we  are  very  far  indeed  firom  baring  discovered 
mathematical  laws  in  all  orders  of  phenomena.     In  fact,  there 
are  as   yet  only  two  great  categories  of  phenomena  whose 
equations  are  constantly  known : — Geometrical  and  Mechanic 
cal  plienomena.  Thus,  the  Concrete  part  of  Mathematics  con- 
sists of  Geometry  and  Rational  Mechanics. 

There  is  a  point  of  view  from  which  all  phenomena  might 
be  included  under  these  two  divisions.  All  nalural  effects, 
considered  statically  or  dynamically,  might  be  referred  to  laws 
of  extension  or  laws  of  motion.  But  this  point  of  riew  is  too 
high  for  us  at  present ;  and  it  is  only  in  the  regions  of  Astro- 
nomy, and,  partially,  of  terrestrial  Physics,  that  this  vast  trans- 
formation has  taken  place.  We  will  then  proceed  on  the  sup- 
position that  Geometiy  and  Mechanics  are  the  constituents  of 
Concrete  Mathematics. 

The  nature  of  Abstract  Mathematics  is  pre- 
cisely determined.  It  is  composed  of  what  is  MiItbciMticfc 
called  the  Calculus ,  taking  this  word  in  its  widest 
extension,  which  reaches  from  the  simplest  numerical  opera- 
tions to  the  highest  combinations  of  transcendental  ana- 
lysis. Its  proper  object  is  to  resolve  all  questions  of  num- 
bers. Its  starting-point  is  that  which  is  the  limit  of  Concrete 
IMathematics, — the  knowledge  of  the  precise  relations — ^that  is, 
the  equations — ^between  different  magnitudes  wliidi  are  con- 
sidered simultaneously.  The  object  of  the  Calculus,  however 
indirect  or  complicated  the  relations  may  be,  is  to  discover 
unkno^ni  quantities  by  the  known.  Tliis  scicnoe,  though 
more  advanced  than  any  other,  is,  in  reality,  only  at  its  1^ 
ginning  yet;  but  it  is  necessary,  in  order  to  define  the  nature 
of  any  science,  to  suppose  it  pciicct.  And  the  true  character 
of  the  Calculus  is  what  we  have  said. 

From  an  historical  point  of  riew.  Mathematical  Analysis  ap- 
l)ears  to  have  aiisen  out  of  the  contemplation  of  geomctriod 
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and  mechanical  &ct8;  but  it  is  not  the  less  independent  of 
these  sciences,  logically  speaking.  Analytical  ideas  arc,  above 
all  others,  universal,  abstract,  and  simple;  and  geometrical 
and  mechanical  conceptions  are  necessarily  fonnd»l  on  tliem. 
Mathematical  Analysis  is  therefore  the  true  rational  basis  of 
the  whole  system  of  our  positive  knowledge.  We  can  now 
also  explain  why  it  not  only  gives  precision  to  our  actiud 
knowledge,  but  establishes  a  far  more  perfect  co-ordination  in 
the  study  of  phenomena  which  allow  of  such  an  application. 
If  a  single  analytical  question,  brought  to  an  abstract  solution, 
involves  the  implicit  solution  of  a  multitude  of  physical  ques- 
tions, the  mind  is  enabled  to  perceive  relations  between  phe- 
nomena apparently  isolated,  and  to  extract  from  them  the 
quality  which  they  have  in  common.  To  the  wonder  of  the 
student,  unsuspected  relations  arise  betireen  problems  which, 
instead  of  being,  as  they  appeared  before,  wholly  unconnected, 
taj*!!  out  to  be  identical.  There  appears  to  be  no  connection 
between  the  determination  of  the  direction  of  a  ciur\*e  at  each 
of  its  points  and  that  of  the  velocity  of  a  body  at  each  mo- 
ment of  its  variable  motion;  yet,  in  the  eyes  of  the  geometer, 
these  questions  are  but  one. 

AVhen  we  have  seized  the  true  general  character  of  ^lathe- 
matical  Analysis,  we  easily  see  how  perfect  it  is,  in  comparison 
with  all  other  branches  of  our  positive  science.  Tlie  perfection 
consists  in  the  simplicity  of  the  ideas  contemplated;  and  not, 
as  Condillac  and  others  have  supposed,  to  the  conciseness  and 
generality  of  the  signs  used  as  instruments  of  reasoning.  Tlic 
signs  are  of  admirable  use  to  work  out  the  ideas,  when  once 
obtained;  but,  in  fact,  all  the  great  analytical  conceptions 
were  formed  without  any  essential  aid  from  the  signs.  Sub- 
jects M'hich  are  by  their  nature  inferior  in  simplicity  and  gene- 
rality cannot  be  raised  to  logical  perfection  by  any  artifice  of 
scientific  language. 

We  have  now  seen  what  is  the  object  and 
Sl!SL     **     ^^***  **  *^  character  of  [Mathematical  Science. 
It  remains  for  us  to  consider  the  extent  of  its 
domain. 

.^  ,.*-      We  must  first  admit  tliat,  in  a  lopcal  riew, 

•  this  science  is  necessarily  and  rigorously  uni- 
versal. Tlierc  is  no  inquirj"  which  is  not  finally  reducible  to 
a  question  of  Numbers ;  for  there  is  none  which  may  not  be 
conceived  of  as  consisting  in  the  detemiiiiation  of  quantities 
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by  cacb  other^  according  to  certain  relations.  The  fact  is, 
we  are  always  endeavouring  to  arrive  at  numbers,  at  fixed 
quantities,  whatever  may  be  our  subject,  however  uncertain 
our  methods,  and  however  rough  our  results.  Nothing  can 
appear  less  like  a  mathematical  inquiry  tlian  the  study  of 
linng  bodies  in  a  state  of  disease ;  yet,  in  stiulying  the  cure 
of  disease,  we  arc  endeavouring  to  ascertain  the  quantities  of 
the  different  agents  which  are  to  modify  the  organism,  in 
order  to  bring  it  to  its  natural  state,  admitting,  as  geometers 
do,  for  some  of  these  quantities,  in  certain  cases,  values  which 
are  equal  to  zero,  negative,  or  even  contradictory.  It  is  not 
meant  that  such  a  method  can  be  actually  followed  in  the  case 
of  complicated  phenomena;  but  the  logical  extension  of  the 
science,  which  is  what  we  are  now  considering,  comprehends 
such  instances  as  this. 

Kant  has  dinded  human  ideas  into  the  two  categories  of 
quantity  and  quality,  which,  if  true,  woidd  destroy  Uie  uni- 
versality of  iMathcnmtics ;  but  Descartc»'  fundamental  con- 
ception of  the  relation  of  the  concrete  to  the  abstract  in  Ma- 
thematics abolishes  this  dr.ioion,  and  prores  that  all  ideas  of 
quality  are  reducible  to  ideas  of  quantity.  He  had  in  view 
geometrical  phenomena  only ;  but  his  successors  have  included 
in  this  generalization,  first,  mechanical  phenomena,  and,  more 
recently,  those  of  heat.  Tlierc  are  now  no  geometers  who  do 
not  consider  it  of  universal  application,  and  admit  that  every 
phenomenon  may  be  as  Ic^cally  capable  of  being  represented 
by  an  equation  as  a  cun'e  or  a  motion,  if  onlv  we  were  always 
capsible  (wliich  we  are  very  far  from  being)  of  first  discovering, 
and  then  resolving  it. 

The  limitations  of  ^lathematical  science  arc  -  ^^v  ^^ 
not,  then,  in  its  nature.  The  limitations  are  in  '  «noiii. 
our  intelligence:  and  b^  these  we  find  the  domain  of  the 
science  remarkably  rcstnctcd,  in  proportion  as  phenomenSy  in 
becoming  si)ecial,  become  complex. 

Though,  as  we  have  seen,  every  question  may  be  conceived 
of  as  reducible  to  numbers,  the  reduction  cannot  be  made  by 
us  except  in  the  case  of  the  simplest  and  most  general  pheno- 
mena. Tlie  difficulty  of  finding  the  equation  in  the  case  of 
special,  aud  therefore  complex  phenomena,  soon  becomes  in- 
surmountable, so  that,  at  tlie  utmost,  it  is  only  the  phenomena 
of  the  first  three  classes, — ^that  is,  only  those  of  Inorganic 
Physics, — ^that  we  can  even  hope  to  subject  to  the  process. 
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The  properties  of  inorganic  bodies  are  nearly  ihTariable ;  and 
therefore,  irith  regard  to  them,  the  first  condition  of  mathe- 
matical inquiry  can  be  fulfilled :  the  different  quantities  uhich 
th^  present  may  be  resolved  into  fixed  numbers;  but  the 
variableness  of  tiie  properties  of  organic  bodies  is  beyond  our 
management.    An  inorganic  bodv,  possessing  solidity,  form, 
consistency,  opedfic  gravity,  elasticity,  etc.,  presents  qualities 
which  are  witiiin  our  estimate,  and  can  be  treated  mathema- 
tically ;  but  the  case  is  altered  ii'hen  Chemical  action  is  added 
to  these.    Complications  and  variations  then  enter  into  the 
question  which  at  present  baffle  mathematical  analysis.    Here- 
after, it  may  be  discovered  what  fixed  numbers  exist  in  chemi- 
cal combinations :  but  we  are  as  yet  verv  far  fix>m  having  any 
practical  knowledge  of  them.    Still  further  are  we  from  being 
able  to  form  such  computations  amidst  the  continual  agitation 
of  atoms  which  constitutes  what  we  call  /(/!?,  and  therefore  from 
being  able  to  oarry  mathematical  analysis  into  the  study  of 
Physiology.    By  the  rapidity  of  their  changes,  and  their  in- 
cessant numerical  variatioiis^  \it2l  phenomena  are,  practicallv, 
placed  in  opposition  to  mathematics?  processes.     If  we  should 
desire  to  compute,  in  a  single  case,  the  most  simple  facts  of  a 
living  body, — such  as  its  mean  density,  its  temperature,  the 
velocity  of  its  circulation,  the  proportion  of  elements  which 
at  any  moment  compose  its  solias  or  its  fluids,  the  quantity  of 
oxygen  which  it  consumes  in  a  given  time,  the  amount  of  its 
.  absorptions  or  its  exhalations, — ^and,  yet  more,  the  energy  of  its 
muscular  force,  the  intensity  of  its  impressions,  etc.,  we  must 
make  as  many  obser\*ations  as  there  are  species  or  races,  and 
varieties  in  each;  we  must  measure  the  changes  which  take 
place  in  passing  from  one  indindual  to  another,  and  in  the 
same  individual,  according  to  age,  health,  interior  condition, 
surrounduig  circumstances  perpetually  varying,  such  as  the 
constitution  of  tiie  atmosphere,  etc.     It  is  clear  that  no  ma- 
thematical precision  can  be  attained  amidst  a  complexity  like 
this.    Social  phenomena,  being  more  complicated  still,  are 
e^'cn  more  out  of  the  question,  as  subjects  for  mathematical 
analysis.     It  is  not  that  a  mathematical  basis  does  not  exist 
in  tlicsc  cases,  as  truly  as  in  phenomena  which  exhibit,  in  all 
clearness,  the  law  of  gravitation :  but  that  our  faculties  are 
too  limited  for  the  working  of  problems  so  intricate.    We  are 
baffled  by  various  phcnomcua  of  inorganic  Ixxlics,  when  they 
arc  very  complex.    For  instance,  no  one  doubts  that  meteoro- 
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logical  phenomena  are  sulnect  to  mathematical  laws,  however 
little  we  yet  know  about  Uiem;  but  their  multiplicity  renders 
their  observed  results  as  variable  and  irregular  as  if  eadi 
cause  were  firce  of  all  such  conditions. 

We  find  a  second  limitation  in  the  number  of  conditions 
to  be  studied,  even  if  we  were  sure  of  the  mathematical  law 
which  governs  each  agent.  Our  feeble  faculties  could  not 
grasp  and  wield  such  an  aggregate  of  conditions,  however  cer- 
tain might  be  our  knowledge  of  each.  In  the  simplest  cases 
in  which  we  desire  to  approximate  the  abstract  to  the  concrete 
conditions,  with  any  completeness, — as  in  the  phenomenon  of 
the  flow  of  a  fluid  from  a  given  orifice,  by  virtue  of  its  gravity 
alone, — the  difiiculty  is  such  tliat  we  are,  as  yet,  without  any 
mathematical  solution  of  this  very  problem.  The  same  is  the 
case  with  .the  yet  more  simple  instance  of  the  movement  of  a 
solid  projectile  through  a  resisting  medium. 

To  the  popular  mind  it  may  appear  strange,  considering 
these  facts,  that  we  know  so  much  as  we  do  a1x>ut  the  planets. 
But  in  reality,  that  class  of  phenomena  is  the  most  simple  of 
all  within  our  cognizance.  The  most  complex  problem  which 
they  present  is  the  influence  of  a  third  body  acting  in  the 
same  way  on  two  which  are  tending  towards  each  other  in 
iirtue  of  gravitation ;  and  this  is  a  more  simple  question  than 
any  terrestrial  problem  whatever.  We  have,  however^  attained 
only  approximate  solutions  in  this  case.  And  the  high  i)er- 
fcctiou  to  which  solar  astronomy  has  been  brought  by  the  use 
of  mathematical  science  is  oxiing  to  our  hanng  profited  by 
those  facilities  that  we  may  call  accidental,  which  the  favour- 
able constitution  of  our  planetaiy  system  presents.  The 
planets  which  compose  it  are  few ;  their  masses  are  very  un- 
equfd,  and  much  less  than  that  of  the  sun ;  they  are  far  dis- 
tant from  each  other;  their  forms  are  nearly  spherical;  their 
orbits  are  nearly  circular,  and  only  slightly  inclined  in  rela- 
tion to  each  other;  and  so  on.  Their  perturbations  are,  in 
consequence,  inconsiderable,  for  the  most  part;  and  all  we 
have  to  do  is  usually  to  take  into  the  acoomit,  together  >nth 
the  influence  of  the  sun  on  each  planet,  the  iirfluenoe  of  one 
other  planet,  capable,  by  its  size  and  its  nearness,  of  occa- 
sioning perceptible  derangements.  If  any  of  the  conditions 
mentioned  above  had  Ix^en  diflcrent,  though  the  law  of  gra- 
vitation had  existed  as  it  is,  we  might  not  at  this  day  have 
discovered  it.     And  if  we  were  now  to  try  to  investigate 
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Chemiral  phenomena  by  the  same  law,  we  should  find  a  solu- 
tion as  impossible  as  it  would  be  in  astronomy^  if  the  condi- 
tions of  the  heavenly  bodies  were  such  as  we  could  not  reduce 
to  an  analysis. 

In  showing  that  Mathematical  analysis  can  be  applied  only 
to  Inorganic  Physics,  we  are  not  restricting  its  domain.  Its 
rigorous  imiversalitj,  in  a  logical  view,  has  been  established. 
To  pretend  that  it  is  practically  applicable  to  the  same  extent 
would  be  merely  to  lead  away  the  human  mind  from  the  true 
direction  of  scientific  study,  in  pursuit  of  an  impossible  per- 
fection. The  most  diificidt  sciences  must  remain,  for  an  in- 
definite time,  in  that  preliminary  state  which  prepares  for  the 
others  the  time  when  they  too  may  become  capable  of  mathe- 
matical treatment.  Our  business  is  to  study  phenomena,  in 
the  characters  and  relations  in  wliich  they  present  themselves 
to  us,  abstaining  from  introducing  considerations  of  quantities, 
and  mathematical  laws,  which  it  is  beyond  our  power  to  apply. 

We  owe  to  Mathematics  both  the  origin  of  l?ositive  Philo- 
sophy and  its  ^f  ethod.  AYhcn  this  method  was  introduced 
into  the  other  sdenccs,  it  was  natural  that  it  should  be  urged 
too  far.  But  each  science  modified  the  method  by  the  ope- 
ration of  its  own  peculiar  phenomena.  Tims  only  could  that 
true  definitive  character  be  brought  out,  which  must  prevent 
its  beuig  e\*er  confounded  iiith  that  of  any  other  fundamental 
science. 

The  aim,  character,  and  general  relations  of  Matlicmatical 
Science  have  now  been  exhibited  as  fully  as  thev  could  be  in 
such  a  sketch  as  this.  We  must  next  pass  in  review  the  tliree 
great  sciences  of  which  it  is  composed, — the  Calculus,  Geome- 
try, and  Rational  Mechanics. 
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CHAPTER  II. 

GEXER.4L  VIEW  OF  MATHEMATICAL  ANALTSI& 

The  historical  development  of  the  Abstract  por-  j^j^ysis. 
tioii  of  jMathcmatical  science  bas^  since  tbe  time 
of  Descartes^  been  for  the  most  ))art  determined  by  that  of 
the  Concrete.  Yet  the  Calculus  in  all  its  principal  branches 
must  be  understood  1)efore  ^Kissing  on  to  Geometry  and  Me- 
chanics. The  Concrete  xK>rtions  of  the  science  dejKud  on  the 
Abstract,  which  are  wholly  independent  of  them.  We  ^ill 
now  therefore  proceed  to  a  rapid  renew  of  the  leading  concep- 
tions of  the  Analysis. 

First,  however,  we  must  take  some  notice  of  the 
general  idea  of  an  equation,  and  see  how  far  it  is   ^[^^JJI^ 
from  l)eing  the  true  one  on  which  geometers  pro- 
ceed in  practice ;  for  without  settling  this  point  we  cannot 
determine,  with  any  precision,  the  real  aim  and  extent  of  ab- 
stract mathematics. 

The  business  of  concrete  mathematics  is  to  discover  the 
equations  which  express  the  mathematical  laws  of  the  phenome- 
non under  consideration ;  and  these  equations  are  the  starting- 
point  of  the  calculus,  which  must  obtain  from  them  certam 
quantities  by  means  of  othera.  It  is  only  by  forming  a  true 
idea  of  an  equation  tliat  we  can  lay  down  the  real  line  of  sepa- 
ration between  the  concrete  and  the  abstract  part  of  mathe- 
matics. 

It  is  gi>nng  much  too  extended  a  sense  to  the  notion  of  an 
equation  to  suppose  that  it  means  every  kind  of  relation 
of  equality  between  any  two  functions  of  the  magnitudes 
under  consideration ;  for,  if  every  equation  is  a  relation  of 
equality,  it  is  far  fi-om  being  the  case  that,  reciprocally,  every 
relation  of  equality  must  be  an  equation  of  the  kind  to  which 
analysis  is,  by  the  nature  of  the  case,  applicable.  It  is  cri- 
dent  that  this  confiisiou  must  render  it  almost  impossible  to 
explain  the  difficulty  we  find  in  establishing  the  relation  of  the 
concrete  to  the  abstract  which  meets  us  in  every  great  mathe- 
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matical  question^  taken  by  itself.  If  the  word  equation  meant 
what  we  are  apt  to  suppose,  it  is  not  easy  to  see  what  difficulty 
there  could  be,  in  general,  in  establishing  the  equations  of  anj 
problem  whatever.  This  ordinary  notion  of  an  equation  is 
widely  unlike  what  geometers  understand  in  the  actual  work- 
ing of  the  science. 

According  to  my  view,  functions  must  themselves  be  dinded 
into  Abstract  and  Concrete ;  the  first  of  which  alone  can  enter 
into  true  equations.  Every  equation  is  a  relation  of  equality 
between  two  abstract  functions  of  the  magnitudes  in  question, 
induding  with  the  primary  magnitudes  all  the  auxiliary  magni- 
tudes which  may  be  coimccted  with  the  problem,  and  the  intro- 
duction of  which  may  feunlitate  the  discovery  of  the  equations 
sought. 

This  distinction  may  be  established  by  both  the  d  priori  and 
&  posteriori  methods ;  by  characterizing  each  kind  of  function, 
and  by  enumerating  all  the  abstract  functions  yet  known, — at 
least  with  regard  to  their  elements. 

'    A  priori ;  Abstract  functions  express  a  mode  of 
AMivctfiiiic-   dependence  between  magnitudes  which  may  be 

conceived  between  numbers  alone,  without  the 
need  of  pointing  out  any  phenomena  in  which  it  may  be 

found  realized ;  while  Concrete  functions  are  those 
Co^ivte  fiinc-   ^yhose  expression  requires  a  specified  actual  case 

of  physics,  geometry,  mechanics,  etc. 
Most  functions  were  concrete  in  thdr  origin, — even  those 
which  are  at  present  the  most  purely  a1)stract ;  and  the  ancients 
discovered  only  through  geometrical  definitions  elementary 
algebraic  properties  of  functions,  to  which  a  numerical  value 
was  not  attached  till  long  afterwards,  rendering  absti*act  to  us 
what  was  concrete  to  the  old  geometers.  Tlicre  is  another 
example  which  well  exhibits  the  distinction  just  madc-T-that 
of  circular  functions,  both  direct  and  inverse,  which  are  still 
sometimes  concrete,  sometimes  abstract,  according  to  the 
p(nnt  of  %*iew  finom  which  they  are  regarded. 

Ajjosteriori ;  the  distiuguishing  character,  abstract  or  con- 
crete, of  a  function  having  Ix^cn  established,  the  question  of 
any  determinate  function  being  abstract,  and  thcrcfora  able  to 
enter  into  true  analj'tical  equations,  becomes  a  simple  ques- 
tion of  fact,  as  we  are  acquainted  with  the  elements  which 
compose  all  the  abstract  functions  at  present  known.  We  say 
we  know  them  all,  though  analj-tical  functions  are  infinite  in 
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number^  because  ^re  are  here  speakings  it  must  be  remem- 
bered, of  tbe  elements — of  the  simple,  not  of  tbe  compound. 
We  have  ten  elementary  formulas;  and,  few  as  they  are,  they 
may  give  rise  to  an  infinite  number  of  analytical  combinations. 
There  is  no  reason  for  supposing  that  there  can  never  be  more. 
We  have  more  than  Descartes  had,  and  even  Newton  and 
Leibnitz;  and  our  successors  will  doubtless  introduce  addi- 
tions, though  there  is  so  much  difficulty  attending  their  aug- 
mentation, that  we  cannot  hoi)e  that  it  will  proceed  very  fieur. 

It  is  the  insufficiency  of  this  very  small  numbor  of  analy- 
tical elements  wliich  constitutes  our  difficulty  in  passing  from 
the  concrete  to  the  abstract.  In  order  to  establish  the  equa- 
tions of  phenomena,  we  must  conceive  of  their  mathematical 
laws  by  the  aid  of  fiinctions  composed  of  these  few  dements. 
Up  to  this  point  the  question  has  been  cssentidly  concrete,  not 
coming  within  the  domain  of  the  calculus.  The  difficulty  of 
the  passage  from  the  concrete  to  the  abstract  in  general  con- 
sists in  our  having  only  these  few  analytical  elements  with 
which  to  represent  all  the  precise  relations  which  the  whole 
range  of  natural  phenomena  afford  to  us.  Amidst  their  infinite 
variety,  our  conceptions  must  be  far  below  the  real  difficulty; 
and  especially  because  these  elements  of  our  analysis  have 
been  supplied  to  us  by  the  mathematical  consideration  of  the 
simplest  phenomena  of  a  geometrical  origin,  whidi  can  afford 
us  a  priori  no  rational  guarantee  of  their  fitness  to  represent 
the  mathematical  laws  of  all  other  classes  of  phenomena.  We 
shall  hereafter  see  how  this  difficulty  of  the  relation  of  the 
concrete  to  the  abstract  has  been  diminished,  without  its  being 
necessary  to  multiply  the  number  of  analytical  dements. 

Thus  far  we  have  considered  the  Calculus  as  a  whole.    We 
must  now  consider  its  di\isions.    These  divisions 
we  must  call  the  Alyebraic  Calculus,  or  Algebra,   "^^^^ 
and   the  Arithmetical  Calculus,  or  Arithtnetic, 
taking  care  to  give  them  the  most  extended  logical  sense,  and 
not  the  restricted  one  in  which  the  terms  are  usually  received. 

It  is  clear  that  every  question  of  ^lathematical  AnalysiB 
presents  two  successive  parts,  perfectly  distinct  in  their  nature. 
The  first  stage  is  the  transformation  of  the  proposed  equa- 
tions, so  as  to  exhibit  the  mode  of  formation  of  unknown  quan- 
tities by  the  kno>m.  Tliis  constitutes  the  alge- 
braic  question.  Tlicn  ensues  the  task  of  finding  -^^""^ 
the  values  of  the /onntt/a«  thus  obtained.     The  values  of  ihe 
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numbers  sought  are  already  represented  by  certain  explicit 
functions  of  given  numbers:   tliese  values  must  be  deter- 
mined;    and  this  is  the  ariihnetical  question, 
thmctie.       rpj^^  ^j^^  algebraic  and  the  arithmetical  calculus 
differ  in  their  object.     They  differ  also  in  their  view  of  quan- 
tities^— ^Algebra  considering  quantities  in  regard  to  their  re- 
laiions,  and  Arithmetic  in  regard  to  their  values.     In  prac- 
tice^ it  is  not  always  possible,  owing  to  the  imperfection  of 
the  science  of  the  oilculus,  to  separate  the  processes  entirely 
in  obtaining  a  solution;  but  the  radical  difference  of  the 
two  operations  should  never  be  lost  sight  of.     Algebra,  then^ 
is  the  Calculus  of  Functions,  and  ArUhntetic  the  Calculus  of 
Vabies. 
^  •  We  have  seen  that  the  division  of  the  Calculus  is  into  two 

I  "^  branches.     It  remains  for  us  to  compare  the  two,  in  order  to 

^1 1  learn  their  respective  extent,  importance,  and  difficulty. 

}  •  He  Calculus  of  Values,  Arithmetic,  appears 

•  *:  ™****^*       at  first  to  have  as  wide  a  field  as  Algebra,  since 

1  as  many  questions  might    seem   to  arise  from  it  as  we 

I  i  can  conceive  different  algebraic  formulas  to  be  valued.    But 

i  !  a  very  simple  reflection  will  show  that  it  is  not  so.     Func- 

tions being  dirided  into  simple  and  compound,  it  is  erident 
tliat  when  we  become  able  to  determine  the 
*^*'  value  of  simple  functions,  there  will  be  no  diffi- 
culty with  the  compound.  In  the  algebraic  relation,  a  com- 
pomid  function  plays  a  vcrv  different  part  from  that  of  the 
elementary  functions  whicn  constitute  it;  and  this  is  the 
source  of  our  chief  analytical  difficulties.  But  it  is  quite"* 
otherwise  with  the  Arithmetical  Calculus.  Tims,  the  number 
of  distinct  arithmetical  operations  is  indicated  by  that  of  the 
abstract  elementary  functions,  which  we  have  seen  to  be  very 
few.  Tlie  determination  of  the  values  of  these  ten  functions 
necessarily  affords  that  of  all  the  infinite  number  compre- 
hended in  the  whole  of  mathematical  analysis:  and  there 
can  be  no  new  arithmetical  operations  othem^ise  than  by  the 
creation  of  new  analytical  elements,  which  must,  in  any  case, 
for  ever  be  extremely  small.  Tlie  domain  of  arithmetic  then 
is,  by  its  nature,  narrowly  restricted,  while  that  of  algebra  is 
rigorously  indefinite.  Still,  the  domain  of  arithmetic  is  more 
extensive  than  is  commonly  represented ;  for  there  are  many 
questions  treatx^  as  incidental  in  the  midst  of  a  body  of  ana- 
lytical researches,  which,  consisting  of  determinations  of  va- 
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liics^  arc  truly  aritlimetical.  Of  thin  kind  are  the  oonstrac- 
tion  of  a  table  of  logarithms^  and  the  calculation  of  trigono- 
metrical tables,  and  some  distinct  and  higher  procedures;  in 
short,  every  operation  irhich  has  for  its  object  the  determina- 
tion of  the  values  of  functions.  And  \re  must  also  include 
that  part  of  the  science  of  the  Calcidus  wliich  vre  call  the 
Theory  of  Numbers,  the  object  of  which  is  to  discover  the 
properties  inherent  in  different  numbers,  in  vittixe  of  their 
values,  independent  of  any  particular  system  of  niimcration. 
It  constitutes  a  sort  of  transcendental  aritlmietie.  Though 
the  domain  of  arithmetic  is  thus  larger  than  is  commonly  sup- 
posed, this  Calculus  of  values  will  yet  never  be  more  than  a 
point,  as  it  were,  in  comparison  with  the  calculus  of  functions^ 
of  which  mathematical  science  essentially  consists.  This  is 
cndent,  when  we  look  into  the  real  nature  of  arithmetical 
questions. 

Determinations  of  values  are,  in  fact,  nothing  else  than  real 
transformations  of  the  functions  to  be  valued. 
These  transformations  have  a  special  end ;  but  »»*«««• 
they  are  essentially  of  the  same  nature  as  all  taught  by  ana- 
lysis. In  this  %iew,  the  Calcidus  of  values  may  be  regarded 
as  a  supplement,  and  a  particidar  application  of  the  Calculus 
of  functions,  so  that  arithmetic  disappears,  as  it  were,  as  a 
distinct  section  in  the  body  of  abstract  mathematics.  To 
make  this  endcnt,  we  must  observe  that  when  we  desire  to 
determine  the  value  of  an  unknown  number  whose  mode  of 
formation  is  given,  we  define  and  express  that  value  in  merely 
announcing  the  arithmetical  question,  already  defined  and 
expressed  under  a  certain  form ;  and  that,  in  determining  its 
value,  we  merely  express  it  under  another  determinate  form, 
to  which  we  are  in  the  habit  of  referring  the  idea  of  each 
particular  number  by  making  it  re-enter  into  the  regular 
s}'8tem  of  numeration.  This  is  made  clear  by  what  happens 
when  the  mode  of  numeration  is  such  that  the  question  is  its 
own  answer;  as,  for  instance,  when  we  want  to  add  together 
seven  and  tliirty,  and  call  the  result  scven-and-thirty.  In 
adding  other  numbers,  the  terms  are  not  so  ready,  and  we 
transform  the  question ;  as  when  we  add  together  twenty- 
three  and  fourteen  :  but  not  the  less  is  the  operation  merely 
one  of  transformation  of  a  question  already  defined  and  ex- 
pressed. In  this  view,  the  calculus  of  values  might  be  re- 
garded as  a  particular  application  of  die  calculus  cf  functions, 
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aritlmictic  thereby  disappearing^  as  a  distinct  section^  from 
the  domain  of  abstract  mathematics. — ^And  here  we  have 
done  with  the  Calculus  of  values,  and  pass  to  the  Calculus  of 
functions,  of  which  abstract  mathematics  is  essentially  com- 
posed* 

^^  We  have  seen  that  the  difficulty  of  establishing 

-^^8*^  the  relation  of  the  concrete  to  the  abstract  is 

owing  to  the  insufficiency  of  the  very  small  number  of  analy- 
tical elements  that  we  are  in  possession  of.  The  obstacle  has 
been  surmounted  in  a  great  number  of  important  cases :  and 
we  wiU  now  see  how  me  establishment  of  the  equations  of 
phenomena  has  been  achieved. 

^^  The  first  means  of  remedying  the  difficulty 

^l^fy^^gg^  of  the  small  number  of  analytical  elements  seems 
to  be  to  create  new  ones.  But  a  little  conside- 
ration will  show  that  this  resource  is  illusory.  A  new  ana- 
lytical element  would  not  sene  luiless  we  could  immediately 
determine  its  value :  but  how  can  we  determine  the  value  of 
a  function  which  is  simple;  that  is,  which  is  not  formed  by  a 
combination  of  those  already  known  ?  This  appears  almost 
impossible :  but  the  introduction  of  another  elementary  abstract 
function  into  analysis  supposes  the  simultaneous  creation  of  a 
new  arithmetical  operation ;  which  is  certainly  extremely  dif- 
ficult. If  we  try  to  proceed  according  to  the  method  which 
procured  us  the  elements  we  possess,  we  are  left  in  entire 
uncertainty;  for  the  artifices  thus  employed  are  evidently 
exhausted.  We  have  thus  no  idea  how  to  proceed  to  create 
new  elementary  abstract  functions.  Yet,  we  must  not  there- 
fore conclude  tliat  we  have  reached  the  lunit  appointed  by  the 
powers  of  our  understanding.  Special  improvements  in  ma- 
thematical analysis  have  yielded  us  some  partial  substitutes, 
which  have  increased  our  resources :  but  it  i»  clear  that  the 
augmentation  of  these  elements  cannot  proceed  but  with  ex- 
treme slowness.  It  is  not  in  this  direction,  then,  that  the 
human  mind  has  found  its  means  of  facilitating  the  estabUsh- 
ment  of  equations. 

Findiiup  wnis-  ^^^  ^'^  method  bdng  discarded,  there  re- 
tioosiMiimi  mains  on^  one  other.  As  it  is  impossible  to  find 
ausiliai^  the  e(}uations  directly,  we  must  seek  for  corre- 

quaatiuct.  spoiidmg  oucs  bctwccu  othcr  auxiliary  quantities, 
connected  with  the  first  according  to  a  certain  determinate 
law,  and  firom  the  relation  between  which  we  may  ascend  to 
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that  of  the  primitiTe  magnitudes.     This  is  the  fertile  concep- 
tion which  \re  teim  the  transcendental  analysis,  and  use  as  ^ 
our  finest  instrument  for  the  mathematical  exploration  of  na- 
tural phenomena. 

Tliis  conception  has  a  much  larger  scope  than  even  profound 
geometers  have  hitherto  supposed ;  for  the  auxiliary  quanti- 
ties resorted  to  might  be  derived,  according  to  any  law  what- 
ever, from  the  immediate  elements  of  the  question.  It  is 
well  to  notice  this ;  because  our  future  improved  analytical 
resources  may  perhaps  be  found  in  a  new  mode  of  deriva- 
tion.  But,  at  present,  the  only  auxiliary  quantities  habituaUy 
substituted  for  the  primitive  quantities  in  transcendental  anU" 
lysis  are  what  are  adlcd — 

1st,  infinitely  small  elements,  the  differentials  of  different 
orders  of  those  quantities,  if  we  conceive  of  this  analysis  in 
the  manner  of  Leibnitz :  or 

2nd,  the  fluxions,  the  limits  of  the  ratios  of  the  simulta- 
neous increments  of  the  primitive  quantities,  compared  with 
one  another ;  or,  more  briefly,  the  prime  and  tdtimate  ratios  of 
these  inci-ements,  if  we  adopt  the  conception  of  Newton :  or 

3rd,  the  derivatives,  properly  so  called,  of  these  quantities ; 
that  is,  the  coefficients  of  the  different  terms  of  their  respec- 
.  tive  increments,  according  to  the  conception  of  Lagrange. 

These  conceptions,  and  all  others  that  have  been  proposed, 
are  by  their  nature  identical.  The  various  grounds  o^  pre- 
ference of  each  of  them  will  be  exhibited  hereafter. 

We  now  see  that  the  Calculus  of  functions,  Divinon  <rf 
or  Algebra,  must  consist  of  two  distinct  branches,  the  Calculus 
Tlie  one  has  for  its  object  the  resolution  of  off«nc^<»^ 
equations  when  they  are  directly  established  between  the 
magnitudes  in  question :  the  other,  setting  out  firom  equations 
(generally  much  more  easy  to  form)  between  quantities  indi- 
rectly connected  with  those  of  the  problem,  has  to  deduce,  by 
invariable  analytical  procedures,  the  corresponding  equations 
between  the  direct  magnitudes  in  question; — bringing  the 
problem  within  the  domain  of  the  preceding  calculus. — It 
might  seem  that  the  transcendental  analysis  ought  to  be 
studied  before  the  ordinary,  as  it  provides  the  equations  which 
the  other  has  to  resolve.  *  But,  though  the  transcendental  is 
logically  independent  of  the  ordinary,  it  is  best  to  follow  the 
usual  method  of  study,  taking  the  ordinary  first;  for,  the 
proposed  questions  always  requiring  to  be  completed  by  ordi- 
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nary  analyrifty  ihej  must  be  left  in  suspense  if  ihe  instnunent 
of  resolution  bad  not  been  studied  beforeband. 

To  ordinary  analysis  I  propose  to  give  tbe  name  of  Calculus 
OP  DiBECT  Functions.  To  transcendental  analyms,(wbich  is 
known  by  tbe  names  of  Infiuitesimsl  Calculus,  Cslculus  of 
fluxions  and  of  fluents.  Calculus  of  Vanisbing  quantities^  tbe 
Difierential  and  Integral  Calculus,  etc.,  according  to  tbe  view 
in  wbicb  it  bas  been  conceived,)  I  sbaU  give  tbe  title  of  Cal* 
cuLUs  OP  Indirect  Functions.  I  obtain  tbese  terms  by 
generalizing  and  giving  precision  to  tbe  ideas  of  Lagrange, 
and  employ  tbcm  to  in^cate  tbe  exact  cbaracter  of  tbe  two 
fisrmsof  analysis. 


SECTION  L 

OBDINABY  ANALYSIS,  OR  CALCULUS  OP  DIRECT  PUNCTIONS. 

•  Algebra  is  adequate  to  tbe  solution  of  matbematical  ques- 
tions wbicb  are  so  simple  tbat  we  can  form  directly  the  equa- 
tions between  tbe  magnitudes  considered,  witbout  its  being 
necessary  to  bring  into  tbe  problem,  eitber  in  substitution  or 
alliance,  any  system  of  auxiliary  quantities  derived  from  tbe 
primary.  It  is  true,  in  the  majority  of  important  cases,  its 
use  requires  to  be  preceded  and  prepared  for  by  tbat  of  tbe 
calculus  of  indirect  functions,  by  which  tbe  establishment  of 
equations  is  facilitated:  but  though  algebra  then  takes  tbe 
second  place,  it  is  not  the  less  a  necessary  agent  in  tbe  solu- 
tion of  tbe  question ;  so  that  the  Calculus  of  direct  functions 
must  continue  to  be,  by  its  nature,  the  basis  of  mathematical 
analysis.  We  must  now,  then,  notice  the  rational  composition 
of  this  calculus,  and  the  degree  of  development  it  has  attained, 
itsobiect  ^**  object  being  tlie  resolution  of  equations, 

^^'  (tbat  is,  the  discovery  of  the  mode  of  formation 
of  unkno^m  quantities  by  the  known,  according  to  tbe  equsr- 
tions  wbicb  exist  between  them,)  it  presents  as  many  parts  as 
we  can  imagine  dbtinct  classes  of  equations;  and  its  extent 
is  therefore  rigorously  indefinite,  because  tbe  number  of  ana- 
lytical functions  susceptible  of  entering  into  equations  is  illi- 
mitable, tliougb,  as  we  have  seen,  composed  of  a  very  small 
number  of  primitive  elements. 

Qf^^^m^il^  Tbe  rational  classification  of  equations  must 
cf  Equation*,    cndcutly  bc  determined  by  tbe  nature  of  tbe 
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analytical  elements  of  ifbich  their  members  are  composed. 
Accordingly^  analysts  fii*st  divide  equations  with  one  or  more 
variables  into  two  principal  classes,  according  as  they  con- 
tain functions  of  only  ^e  first  three  of  the  ten  couples, 
or  as  they  include  also  either  exponential  or  circular  func- 
tions. Though  the  names  of  algebraic  and  transcendental 
functions  given  to  these  principal  groups  are  inapt,  the  division 
between  the  corresponding  equations  is  real  enough,  insofar 
as  that  the  resolution  of  equations  containing  the  transcen- 
dental functions  is  more  difficult  than  that  of  algebraic  equar- 
tions.  Hence  the  study  of  the  first  is  extremely  imperfect, 
and  our  analytical  methods  relate  almost  exclusively  to  the 
elaboration  of  the  second. 

Oiur  business  now  is  with  these  Algebraic 
equations  only.  In  the  first  place,  we  must  ob-  ^^^J[^ 
serve  that,  though  they  may  often  contain  trra- 
tional  functions  of  the  unknown  quantities,  as  well  as  raiiO' 
nal  functions,  the  first  case  can  always  be  brought  under  the 
second,  by  transformations  more  or  less  easy;  so  that  it  is 
only  with  the  latter  that  analysts  have  had  to  occupy  them- 
selves, to  resolve  aU  the  algebraic  equations.  As  to  their 
classification,  the  early  method  of  classing  them  according  to 
the  number  of  their  terms  has  been  retained  only  for  equa- 
tions with  two  terms,  which  arc,  in  fact,  susceptible  of  a  re- 
solution proper  to  themselves.  The  classification  by  their  de- 
grees, long  universally  established,  is  eminently  natural;  for 
this  distinction  rigorously  determines  the  greater  or  less  diffi- 
culty of  their  resolution.  Tlie  gradation  can  be  independently, 
as  well  as  practically  exhibited :  for  the  most  general  equation 
of  each  degree  necessarily  comprehends  all  those  of  the  dif- 
ferent inferior  d^recs,  as  must  also  the  formula  which  deter- 
mines the  miknown  quantity:  and  therefore,  however  slight 
we  may,  a  priori^  suppose  the  difficulty  to  be  of  the  degree 
under  notice,  it  must  offer  more  and  more  obstacles,  in  pro- 
portion to  the  rank  of  the  degree,  because  it  is  complicated  in 
the  execution  with  those  of  idl  the  preceding  degrees. 

This  increase  of  difficulty  is  so  great,  that  the   Algebnie  to> 
resolution  of  algebraic  equations  is  as  yet  known   Mlution  of 
to  us  only  in  the  four  first  d^rees.     In  this  re-   «l«***«^ 
spcct,  algebra  has  advanced  but  little  since  the  labours  of 
^  Descartes  and  the  Italian  analysts  of  the  uxteenth  century; 
though  there  has  probably  not  been  a  single  geometer  for  two 
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centuries  past  who  has  not  striven  to  advance  the  resolution 
of  equations.  The  general  equation  of  the  fifth  d^ree  has 
itself,  thus  fiir,  resisted  all  attempts.  The  formula  of  the 
fourth  degree  is  so  difficult  as  to  be  almost  inapplicable;  and 
analysts,  while  by  no  means  despairing  of  the  resolution  of 
equations  of  the  fifth,  and  even  hisher  degrees,  being  obtained, 
have  tacitly  agreed  to  give  up  such  researches. 

The  only  question  of  this  Kind  which  would  be  of  eminent 
importance,  at  least  in  its  logical  relations,  would  be  the  gene- 
ral resolution  of  algebraic  equations  of  any  degree  whatever. 
But  the  more  we  ponder  this  subject,  the  more  we  are  led  to 
suppose,  with  Lagrange,  that  it  exceeds  the  scope  of  our  un- 
derstandings. Even  if  the  requisite  formula  could  be  ob- 
tained, it  could  not  be  usefully  applied,  unless  we  could  sim- 
plify it,  without  impairing  its  generality,  by  the  introduction 
of  a  new  class  of  anal^cal  elements,  of  which  we  have  as 
yet  no  idea.  And,  besides,  if  we  had  obtained  the  resolution 
of  algebraic  equations  of  any  degree  whatever,  we  should  still 
have  treated  only  a  very  small  part  of  algebra,  properly  so 
called;  that  is,  of  t^e  calculus  of  direct  functions,  compre- 
hending the  resolution  of  all  the  equations  that  can  be  formed 
by  the  analytical  functions  known  to  us  at  this  day.  Again, 
we  must  remember  that  by  a  law  of  our  nature,  we  shall 
alwajrs  remain  below  the  difficulty  of  science,  our  means  of 
conceiving  of  new  questions  being  always  more  powerful  than 
our  resources  for  rcsohing  them;  in  other  words,  the  human 
mind  being  more  apt  at  imagining  than  at  reasoning.  Thus, 
if  we  had  resolved  all  the  analytical  equations  now  knovm, 
and  if,  to  do  this,  we  had  found  new  analytical  elements,  these 
again  would  introduce  classes  of  equations  of  which  we  now 
know  nothing :  and  so,  however  great  might  be  the  increase 
of  our  knowledge,  the  imperfection  of  our  algebraic  science 
would  be  perpetually  reproduced. 

,  .  The  methods  that  we  have  are,  the  complete 

SSirkd^  resolution  of  the  equations  of  the  first  four  de- 
grees;  of  any  binomial  equations;  of  certain 
special  equations  of  the  superior  d^rccs;  and  of  a  very  small 
nimiber  of  exponential,  logarithmic,  and  circular  equations. 
These  elements  are  very  limited ;  but  geometers  have  succeeded 
in  treating  with  them  a  great  number  of  important  questions 
in  an  a£nirable  manner.  The  improvements  introduced 
within  a  centuiy  into  mathematical  analysis  have  contributed 
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more  to  render  the  little  knowledge  tliat  we  have  immeasurably 
useful^  than  to  increase  it. 

To  fill  up  the  vast  gap  in  the  resolution  of  alge-  Namerieal  re- 
braic  equations  of  the  higher  degrees,  analysts  have  tolution  of 
had  recourse  to  a  new  orfer  of  questions, — ^to  what  •q«»*w»»- 
they  call  the  numerical  resolution  of  equations.  Not  being  able 
to  obtain  the  real  algebraic  formula,  they  have  sought  to  deter- 
mine at  least  the  value  of  each  uuknoiRTi  quantity  for  such  or 
such  a  designated  sj^tem  of  particular  values  attributed  to  the 
given  quantities.  This  operation  is  a  ndxture  of  algebraic  mth 
arithmetical  questions ;  and  it  has  been  so  cultivated  as  to  be 
rendered  possible  in  all  cases,  for  equations  of  any  degree  and 
even  of  any  form.  The  methods  for  this  are  now  sufficiently 
general;  and  what  remains  is  to  simplify  them  so  as  to  fit  them 
for  regular  application.  ^Vhile  such  is  the  state  of  algebra, 
we  have  to  endeavour  so  to  dispose  the  questions  to  be  worked 
as  to  require  finally  only  this  numerical  resolution  of  the 
equations.  We  must  not  forget  however  that  this  is  very 
imperfect  algebra;  alid  it  is  only  isolated,  or  truly  final  ques- 
tions (which  are  very  few),  that  can  be  brought  finally  to  de- 
pend upon  only  the  numerical  resolution  of  equations.  Most 
questions  are  only  preparatory, — a  first  stage  of  the  solution 
of  other  questions ;  and  in  these  cases  it  is  evidently  not  the 
value  of  the  unknown  quantity  that  we  want  to  discover,  but 
the  formula  which  exhibits  its  derivation.  Even  in  the  most 
simple  questions,  when  this  numerical  resolution  is  strictly 
sufficient,  it  is  not  the  less  a  very  imperfect  method.  Because 
we  cannot  abstract  and  treat  separately  the  algebraic  part  of 
the  question,  which  is  common  to  all  the  cases  which  residt 
fix)m  the  mere  variation  of  the  given  numbers,  we  are  obliged 
to  go  over  again  the  whole  series  of  operations  for  the  slightest 
change  that  may  take  place  in  any  one  of  the  quantities  con- 
cern^. 

Tlius  is  the  calculus  of  direct  functions  at  present  divided 
into  two  parts,  as  it  is  employed  for  the  algebraic  or  the  nume- 
rical resolution  of  equations.  The  first,  the  only  satisfactory 
one,  is  unfortunately  very  restricted,  and  there  is  little  hope 
that  it  will  ever  be  otherwise :  the  second,  usually  insufficient, 
has  at  least  the  advantage  of  a  much  greater  generality.  They 
must  be  carefully  distinguished  in  our  minds,  on  account  of 
their  different  oljgccts,  and  therefore  of  the  different  ways  in 
which  quantities  are  considered  by  them.    Moreover,  there  is, 
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in  regard  to  their  methods,  an  entirely  different  procednre  in 
their  rational  distribution.  In  the  first  part,  we  have  nothing 
to  do  trith  the  values  of  the  unknown  quantities,  and  the  divi- 
sion must  take  place  according  to  the  nature  of  the  equations 
which  we  arc  able  to  resolve ;  whereas  in  the  second,  we  have 
nothing  to  do  with  the  decrees  of  the  equations,  as  the  me- 
thods are  applicable  to  equations  of  any  degree  whatever ;  but 
the  concern  is  with  the  numerical  character  of  the  values  of 
the  unknown  quantities. 

^^^  These  two  parts,  which  constitute  the  imme- 

2^2S7  ^^^  object  of  the  Calculus  of  direct  functions, 
are  subordinated  to  a  third,  purely  speculative, 
firom  which  both  derive  their  most  effectual  resources,  and 
which  has  been  very  exactly  designated  by  the  general  name 
of  Theory  of  EquationSy  though  it  relates,  as  yet,  only  to 
algebraic  equations.  The  numerical  resolution  of  equations 
has,  on  account  of  its  generality,  special  need  of  this  rational 
foundation. 

Two  orders  of  questions  diidde  this  important  department 
of  algebra  between  them;  first,  those  which  relate  to  the 
composition  of  equations,  and  then  those  that  relate  to  their 
transformation ;  the  bunness  of  these  last  bcmg  to  modify 
the  roots  of  an  equation  without  knowing  tliem,  according  to 
any  given  law,  pronded  this  law  is  uniform  in  relation  to  all 
theseroots. 

One  more  theoiy  remains  to  be  noticed,  to  complete  our  rapid 
exhibition  of  the  different  essential  parts  of  the  calculus  of  di- 
Method  of  ^^^^  functions.  This  theory,  which  relates  to  the 
mdetermiiiAte  transformation  of  functions  into  scries  by  the 
Coeficknu.  ^id  of  what  is  called  the  Method  of  indetermi- 
nate CQcfiicicnts,  is  one  of  the  most  fertile  and  important  in 
algebra.  This  eminently  analytical  method  is  one  of  the  most 
remarkable  discoveries  of  Descartes.  The  invention  and  deve- 
lopment of  the  infinitesimal  calculus,  for  which  it  might  be 
very  happily  substituted  in  some  respects,  has  undoubtedly  de- 
prived it  of  some  of  its  importance;  but  the  growing  exten- 
sion of  the  transcendental  analysis  has,  while  lessening  its  ne- 
cessity, multiplied  its  applications  and  enlarged  its  resources; 
so  that,  by  the  useful  combination  of  the  two  theories,  the 
employment  of  the  method  of  indeterminate  coefficients  has 
bc(X>me  much  more  extensive  than  it  was  even  before  the  for- 
mation of  the  calculus  of  indirect  functions. 
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I  have  now  completed  my  sketch  of  the  Calcoltts  of  Direct 
Functions.  We  must  next  pa^s  on  to  the  more  important  and 
extensive  branch  of  our  science,  the  Calculus  of  Indirect 
Functions. 

SECTION  IL 

TRANSCENDENTAL  ANALYSIS,    OR   CALCULUS   OP   INDIRECT 
FUNCTIONS. 

We  referred  (p.  53)  in  a  former  section  to  the 
views  of  the  transcendental  analysis  presented  ^J^^™*^ 
by  Leibnitz,  Newton,  and  Lagrange.  We  shall 
see  that  each  conception  has  advantages  of  its  own,  that  all 
are  finally  equivalent,  and  that  no  method  has  yet  been  found 
which  imites  their  respective  characteristics.  Whenever  the 
combination  takes  place,  it  will  probably  be  by  some  method 
founded  on  the  conception  of  Lagrange.  The  other  two 
^vill  then  offer  only  an  historical  interest ;  and  meanwhile,  the 
science  must  be  regarded  as  in  a  merely  pro^-isional  state, 
which  requires  the  use  of  all  the  tliree  conceptions  at  the 
same  time;  for  it  is  only  by  the  use  of  them  all  that  an  ade- 
quate idea  of  the  analysis  and  its  applications  can  be  formed. 
The  vast  extent  and  difficulty  of  this  part  of  mathematics, 
and  its  recent  formation,  should  prevent  our  being  at  all  sur- 
prised at  the  existing  want  of  system.  The  conception  which 
will  doubtless  give  a  fixed  and  uniform  cliaracter  to  the  science 
has  come  intathe  hands  of  only  one  new  generation  of  geo- 
meters since  iU  creation ;  and  the  intellectual  habits  requisite 
to  perfect  it  haye  not  been  sufficiently  formed. 

The  first  germ  of  the  infinitesimal  method  Hirtory 
(which  can  be  conceived  of  independentiy  of  the  ^^^^'' 
Calculus)  may  be  recc^nizcd  in  the  old  Greek  Method  ofEx-- 
hausiions,  employed  to  pass  from  the  properties  of  straight 
lines  to  those  of  curves.  The  method  consisted  in  substituting 
for  the  cur%'e  the  auxiliary  consideration  of  a  polygon,  inscribed 
or  circumscribed,  by  means  of  which  the  curve  itself  was 
reached,  the  limits  of  the  primitive  ratios  being  suitably  taken. 
There  is  no  doubt  of  the  filiation  of  ideas  in  this  case ;  but 
there  was  in  it  no  equivalent  for  our  modern  methods;  for  the 
ancients  had  no  logical  and  general  means  for  the  determi- 
nation of  these  limits,  which  was  the  chief  difficulty  of  the 
question.     The  task  remaining  for  modem  geometers  was  to 
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generalise  the  conception  of  tlie  ancients^  and^  confliderii^  it 
in  an  abstract  manner^  to  reduce  it  to  a  system  of  calculation^ 
irliich  was  impossible  to  them. 

Lagrange  justly  ascribes  to  the  great  geometer  Fermat  the 
first  idea  in  this  new  direction.  Fermat  may  be  regarded  as 
having  initiated  the  direct  formation  of  transcendental  analysis 
by  his  method  for  the  determination  of  maxima  and  minima, 
and  for  the  finding  of  tangents,  in  which  process  |hc  intro- 
duced auxiliaries  which  he  afterwards  suppnssed  as  null  when 
the  equations  obtained  had  undergone  certain  suitable  trans- 
formations. After  some  modifications  of  the  ideas  of  Fermat 
in  the  intermediate  time^  Leibnitz  stripped  the  process  of  some 
complications,  and  formed  the  analysis  into  a  general  and, 
distinct  calculus,  having  its  own  notation:  and  Leibnitz  is' 
thus  the  creator  of  transcendental  analysis,  as  we  employ  it 
now.  This  pre-eminent  discover;^  was  so  ripe,  as  all  great 
conceptions  are  at  the  hour  of  their  advent,  that  Newton  had 
at  the  same  time,  or  rather  earlier,  discovered  a  method  exactly 
equivalent,  regarding  the  analysis  firom  a  different  point  df 
view,  much  more  logical  in  itsdf,  but  less  adapted  than  that 
of  Leibnitz  to  give  all  practicable  extent  and  facility  to  the 
fundamental  method.  Lagrange  afterwards,  discarding  the 
heterogeneous  considerations  which  had  mided  Leibnitz  and 
Nemton,  reduced  the  analysis  to  a  purdy  algebraic  system, 
which  onlv  wants  more  aptitude  for  application. 

We  will  notice  the  three  methods  in  their  order. 

The  method  of  Leibnitz  consists  in  introducing 
Lwmixt^  into  the  calculus,  in  order  to  facilitate  the  esta- 
blishment  of  equations,  the  infinitely  small  ele- 
ments or  differentials  which  are  supposed  to  constitute  the 
quantities  whose  relations  we  are  seeking.  There  are  rela- 
tions between  these  differentials  which  are  simpler  and  more 
discoverable  than  those  of  the  primitive  quantities ;  and  by 
these  we  may  afterwards  (through  a  special  calculus  employed 
to  eliminate  these  auxiliary  infinitesimals)  recur  to  the  equa- 
tions sought,  which  it  would  usually  have  been  impossible  to 
obtain  directly.  This  indirect  analysis  may  have  various  de- 
|rces  of  indirectness ;  for,  when  there  is  too  much  difiiculty  in 
forming  the  equation  between  the  differentials  of  the  mag- 
nitudes under  notice,  a  second  application  of  the  method  is 
required,  the  differentials  being  now  treated  as  new  primitive 
quantities,  and  a  relation  being  sought  between  their  mfinitdy 
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small  elements,  or  second  differentials,  and  so  on ;  tlie  same 
transformation  being  repeated  any  number  of  times,  provided 
the  whole  number  of  auxiliaries  he  finally  eliminated. 

It  may  be  asked  by  novices  in  these  studies,  how  these  aux- 
iliary qiiantities  can  be  of  use  while  they  are  of  the  same 
species  with  the  magnitudes  to  be  trcatal,  seeing  that  the 
greater  or  less  value  of  any  quantity  cannot  affect  any  inquii^ 
which  has  nothing  to  do  with  value  at  all.  Tlie  explanation  is 
this.  We  must  b^n  by  distinguishing  the  different  orders 
of  infinitely  small  quantities,  obtaining  a  precise  idea  of  this 
by  considcnng  them  as  being  either  the  successive  powers  of 
the  same  primitive  infinitely  small  quantity,  or  as  bemg  quan- 
tities which  may  be  r^ardcd  as  having  finite  ratios  with  these 
powers;  so  that,  for  instance,  the  second  or  tliiid  or  other 
differentials  of  the  same  variable  are  classed  as  infinitely  small 
quantities  of  the  second,  tliird  or  other  order,  because  it  is 
easy  to  exhibit  in  them  finite  multiples  of  the  second,  third,  or 
other  powers  of  a  certain  first  differential.  These  preliminary 
ideas  being  laid  down,  the  spirit  of  the  infinitesimal  analysis 
consists  in  constantly  n<^lecting  the  infinitely  small  quantities 
in  comparison  with  finite  quantities;  and  generally,  the  infi- 
nitely small  quantities  of  any  order  whate\'er  in  comparison 
with  all  those  of  an  inferior  order.  We  see  at  once  how  such 
a  power  must  facilitate  the  formation  of  equations  between 
the  differentials  of  quantities,  since  we  can  substitute  for 
these  differentials  such  other  elements  as  we  may  choose,  and 
as  will  be  more  simple  to  treat,  only  observing  the  condition 
that  the  new  elements  shall  differ  from  the  preceding  only  by 
quantities  infinitely  small  in  relation  to  them.  It  is  thus  that 
it  becomes  possible  in  geometry  to  treat  curved  lines  as  com- 
posed of  an  infinity  of  rectilinear  elements,  and  cun^cd  sur- 
faces as  formed  of  plane  elements ;  and,  in  mechanics,  varied 
motions  as  an  infinite  series  of  uniform  motions,  succeeding 
each  other  at  infinitely  small  intervals  of  time.  Such  a  mere 
hint  as  this  of  the  varied  application  of  this  method  may  give 
some  idea  of  the  vast  scope  of  the  conception  of  transcen- 
dental analysis,  as  formed  by  Leibnitz.  It  is,  bcj^ond  all  ques- 
tion, the  loftiest  idea  ever  yet  attained  by  the  human  mind. 

It  is  clear  that  this  conception  was  necessary  to  complete 
the  basis  of  mathematical  science,  by  enabling  us  to  establish, 
in  a  broad  and  practical  manner,  the  relation  of  the  concrete 
to  the  abstract.     In  this  respect,  we  must  r^ard  it  as  the 
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neoessaiy  complement  of  the  great  fundamental  idea  of  Des-  / 
cartes  on  the  general  analytical  representation  of  natural  phe- 
nomena; an  idea  ivhich  could  not  oe  duly  estimated  or  put  to 
use  till  after  the  formation  of  the  infinitesimal  analysis. 

This  analysis  has  another  property^  besides  that  of  facilitat- 
ing the  study  of  the  mathematical  lairs  of  all  phenomena,  and 
perhaps  not  less  important  than  that.  The  differential  formu- 
las exhibit  an  extreme  generality,  expressing  in  a 
ft^^Sa^i^  single  equation  each  determinate  phenomenon, 
however  varied  may  be  the  subjects  to  which  it 
belcmgs.  Thus,  one  such  equation  gives  the  tangents  of  all 
curves,  another  their  rectifications,  a  third  their  quadratures; 
and,  in  the  same  way,  one  invariable  formula  expresses  the 
mathematical  law  of  idl  variable  motion ;  and  one  single  equa- 
tion represents  the  distribution  of  heat  in  any  body,  and  for 
any  case.  This  remarkable  generality  is  the  basis  of  the 
loniest  views  of  the  geometers.  Thus  this  analysis  has  not 
only  furnished  a  general  method  for  forming  equations  indi- 
rectly which  could  not  have  been  directly  discovered,  but  it 
has  introduced  a  new  order  of  more  natural  laws  for  our  use 
in  the  mathematical  study  of  natural  phenomena,  enabling  us 
to  rise  at  times  to  a  perception  of  positive  approximations 
between  classes  of  wholly  different  phenomena,  throiigh  the 
analogies  presented  by  the  differential  expressions  of  their 
mathematical  laws.  In  virtue  of  this  second  property  of  the 
analysis,  the  entire  system  of  an  immense  science,  like  geo- 
metry or  mechanics,  has  submitted  to  a  condensation  into  a 
small  number  of  analytical  formulas,  irom  which  the  solution 
of  all  particular  problems  can  be  deduced,  by  invariable  rules. 
This  beautiful  method  is,  however,  imperfect 
Sf  mSuS.''  ^  **•  logicsl  basis.  At  first,  geometers  were 
naturally  more  intent  upon  extending  the  dis- 
covenr  and  multiplying  its  applications,  than  upon  establish- 
ing die  logical  foundation  of  its  processes.  It  was  enough 
for  some  time  to  be  able  to  produce,  in  answer  to  objections, 
unhoped-for  solutions  of  the  most  difficult  problems.  It  be- 
came necessary,  however,  to  recur  to  the  oasis  of  the  new 
analysis,  to  establish  the  rigorous  exactness  of  the  processes 
employed,  notwithstanding  their  apparent  breaches  of  the 
ordinary  laws  of  reasoning.  Leibnitz  himself  failed  to  justify 
his  conception,  giving,  when  urged,  an  answer  which  repre- 
sented it  as  a  mere  approximative  calculus,  the  successive 
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operations  of  which  mighty  it  is  evident,  admit  an  augmenting 
amount  of  error.  Some  of  his  successors  were  satisfied  with 
sho\iing  that  its  results  accorded  with  those  obtained  by  ordi- 
nary algebra,  or  the  geometry  of  the  aneients,  reproducing  by 
these  last  some  solutions  which  could  be  at  first  obtained  only 
by  the  new  method.  Some,  again,  demonstrated  the  con- 
formity of  the  new  conception  with  others;  that  of  Newton 
especially,  which  was  unquestionably  exact.  This  afibrdcd  a 
practical  justification :  but,  in  a  case  of  such  unequalled  im- 
portance, a  logical  justification  is  also  required, — a  direct 
proof  of  the  necessary  rationality  of  the  infinitesimal  method. 
It  was  Camot  who  furnished  this  at  last,  by  shoining  that  the 
method  was  founded  on  the  principle  of  the  necessary  com- 
pensation of  errors.  We  cannot  say  that  all  the  logiod  scaf- 
folding of  the  infinitesimal  method  may  not  have  a  merely 
pronsional  existence,  \icious  as  it  is  in  its  nature :  but,  in  the 
present  state  of  our  knowledge,  Camot's  principle  of  the 
necessary  compensation  of  errors  is  of  more  importance,  in 
legitimating  the  analysis  of  Leibnitz,  than  is  even  yet  com- 
monly supposed.  His  reasoning  is  founded  on  the  conception 
of  infinitesimal  quantities  indc&iitely  decreasing,  while  those 
from  which  they  are  derived  are  fixed.  The  infinitely  small 
errors  introduced  with  the  auxiliaries  cannot  have  occasioned 
other  than  infinitely  small  errors  in  all  the  equations ;  and 
when  the  relations  of  finite  quantities  are  reached,  these  rela> 
tions  must  be  rigorously  exact,  since  the  only  errors  then 
possible  must  be  finite  ones,  which  cannot  have  entered :  and 
thus  the  final  equations  become  perfect.  Camot's  theory  is 
doubtless  more  subtle  than  solid ;  but  it  has  no  other  radical 
logical  ^dce  than  that  of  the  infinitesimal  method  itself,  of 
which  it  is,  as  it  seems  to  me,  the  natural  development  and 
general  explanation ;  so  that  it  must  be  adopted  as  long  as  that 
method  is  directly  employed. 

The  philosoplucal  character  of  the  transcendental  analysis 
has  now  been  sufficiently  exhibited  to  allow  of  my  giving  only 
the  principal  idea  of  the  other  two  methods. 

Newton  ofiered  his  conception  under  several 
different  forms  in  succession.    That  which  is  now   ^*^"t^*'« 
most  commonly  adopted,  at  least  on  the  continent,      *^"^- 
was  called  by  himself,  sometimes  the  Method  of  prime  and 
ultimate  Ratios,  sometimes  the  Method  of  Limits,  by  which 
last  term  it  is  now  usually  known. 
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Under  this  Method^  the  auxiliaries  introduced 
Ketbodof  ^^^^  the  limits  of  the  ratios  of  the  simultaneous 
increments  of  the  primitive  quantities;  or,  in 
other  wordsy  the  final  ratios  of  these  increments;  limits  or 
final  ratios  which  vre  can  easily  show  to  have  a  determinate 
and  finite  value.  A  special  calculus,  which  is  the  equivalent 
of  the  infinitesimal  calculus^  is  afterwards  employed,  to  rise 
from  the  equations  hetwecn  these  limits  to  the  corresponding 
equations  between  the  primitive  quantities  themselves. 

The  power  of  easy  expression  of  the  mathematical  laws  of 
phenomena  given  by  this  analysis  arises  firom  the  calculus  ap- 
plying, not  to  the  increments  themselves  of  the  proposed 
quantities,  but  to  the  limits  of  the  ratios  of  those  increments ; 
and  from  our  being  therefore  able  always  to  substitute  for  each 
increment  any  other  magnitude  more  easy  to  treat,  provided 
their  final  ratio  is  the  ratio  of  equality;  or,  in  other  words, 
that  the  limit  of  their  ratio  is  unity.  It  is  dear,  in  fact,  that 
the  calculus  of  limits  can  be  in  no  way  aflfccted  by  this  sub- 
stitution. Starting  firom  this  principle,  we  find  nearly  the 
Suivalent  of  the  facilities  offered  by  the  analysis  of  LeiDnitz, 
lich  are  merely  considered  from  another  point  of  view. 
Thus,  curves  will  be  regarded  as  the  limits  of  a  series  of  rec- 
tilinear polygons,  and  variable  motions  as  the  limits  of  an  ag- 
gregate of  uniform  motions  of  continually  nearer  approxima- 
tion, etc.,  etc.  Such  is,  in  substance,  Newton's  conception ; 
or  rather,  that  which  Maclaurin  and  IKAlembert  have  offered 
as  the  n^ost  rational  basis  of  the  transcendental  analysis,  in 
the  endeavour  to  fix  and  arrange  Newton's  ideas  on  the  isubject. 
.  Newton  had  another  view,  however,  which  ought 

flunont  and  to  be  presented  here,  because  it  is  still  the  special 
form  of  the  calculus  of  indirect  functions  com- 
monly adopted  by  English  geometers;  and  also,  on  accoimt 
of  its  ingenious  clearness  in  some  cases,  and  of  its  having 
furnished  the  notation  best  adapted  to  this  manner  of  regarding 
the  transcendental  analysis.  I  mean  the  Calculus  of  fluxions 
and  of  fluents,  founded  on  the  general  notion  of  velocities. 

To  facilitate  the  conception  of  the  fundamental  idea,  let  us 
conceive  of  every  cun-e  as  generated  by  a  point  affected  by  a 
motion  varying  according  to  any  law  whatever.  The  different 
quantities  presented  by  the  curve,  the  abscissa,  the  ordinate, 
the  arc,  the  area,  etc.,  will  be  regarded  as  simultaneously  pro- 
duced hy  successive  degrees  during  this  motion.    The  velocity 
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with  irhich  each  one  irill  have  been  described  will  be  called 
iheflujnon  of  that  quantity,  which  inversclj  would  have  been 
called  its  fluent.  Henceforth,  the  transcendental  analysis  will, 
according  to  this  conception,  consist  in  forming  directly  the 
equations  between  the  fluxions  of  the  proposed  quantities,  to 
deduce  fi*om  them  afterwards,  by  a  special  Calculus,  the  equa- 
tions between  the  fluents  themselves.  What  has  just  been 
stated  respecting  curves  may  evidently  be  transferreid  to  any 
magnitudes  whatever,  regarded,  by  the  help  of  a  suitable 
image,  as  some  being  produced  by  the  motion  of  others.  This 
method  is  evidently  the  same  with  that  of  limits  complicated 
with  the  foreign  idea  of  motion.  It  is,  in  fitct,  only  a  way  of 
representing,  by  a  comparison  derived  from  mechanics,  the 
method  of  prime  and  ultimate  ratios,  which  alone  is  reducible 
to  a  calculus.  It  therefore  necessarily  admits  of  the  same 
general  advantages  in  the  various  principal  applications  of  the 
transcendental  analysis,  witliout  its  being  requisite  for  us  to 
ofi'er  special  proofs  of  this. 

Lagrange's  conception  consists,  in  its  admirable 
simplicity,  in  considering  the  transcendental  ana-  Jf^mm^"' 
hrsis  to  be  a  great  algebraic  artifice,  by  which,  to 
juicilitate  the  establishment  of  e<^uations,  we  must  introduce, 
in  the  place  of  or  iiith  the  primitive  fimctions,  their  derived 
functions ;  that  is,  according  to  the  definition  of  Lagrange,  the 
coefficient  of  the  first  term  of  the  increment  of  each  function, 
arranged  according  to  the  ascending  powers  of  the  increment 
of  its  variable,  llie  Calculus  of  indirect  functions,  properly 
^  so  called,  is  destined  here,  as  well  as  in  the  conceptions  o[ 
Leibnitz  and  Newton,  to  eliminate  these  derivatives,  employed 
as  auxiliaries,  to  deduce  from  their  relations  the  corrcsponmng 
equations  between  the  primitive  magnitudes.  The  transcen- 
dental analysis  is  then  only  a  simple,  but  very  considerable 
extension  of  ordinary  analysis.  It  has  long  been  a  common 
practice  with  geomcten  to  introduce,  in  analytical  investiga- 
tions, in  the  place  of  the  magnitudes  in  question,  their  diffe- 
rent powers,  or  their  logarithms,  or  their  sines,  etc.,  in  order 
to  simplify  the  equations,  and  even  to  obtain  them  more  easily. 
Successive  derivation  is  a  general  artifice  of  the  same  nature, 
only  of  greater  extent,  and  commanding,  in  consequence,  much 
more  im})ortant  resources  for  this  common  object 

But,  though  we  may  easily  conceive,  a  priori,  that  the  auxi- 
liary use  of  these  derivatives  may  facilitate  the  study  of  equa- 
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tions,  it  is  not  eas^  to  explain  wby  it  must  be  so  under  this 
method  of  derivation^  rattier  than  any  other  transformation. 
This  is  the  weak  side  of  Lagrange's  great  idea.  We  have  not 
yet  become  able  to  lay  hold  of  its  precise  advantages,  in  an 
abstract  manner,  and  without  recurrence  to  the  other  concep- 
tions of  the  transcendental  analysis.  These  advantages  can  be 
established  only  in  the  separate  consideration  of  each  princi- 
pal question;  and  this  verification  becomes  laborious,  in  the 
treatment  of  a  complex  problem. 

Other  theories  have  been  proposed,  such  as  Siller's  Caladui 
of  vanishing  quantities :  but  they  are  merely  modifications  of 
die  three  just  exhibited.  We  must  next  compare  and  esti- 
mate these  methods;  and  in  the  first  place  observe  their  per- 
fect and  necessary  conformity. 

Considering  the  three  methods  in  regard  to 
t^me^^  their  destination,  independently  of  preliminary 
ideas,  it  is  clear  that  they  all  consist  m  the  same 
general  logical  artifice;  that  is,  the  introduction  of  a  certain 
sTstem  of  auxiliary  magnitudes  uniformly  correlative  with 
Uiose  under  investigation;  the  auxiliaries  being  substituted 
for  the  express  object  of  facilitating  the  analytical  expression 
of  the  mathematical  laws  of  phenomena,  though  they  must  be 
finally  eliminated  by  the  help  of  a  special  calculus.  It  was 
this  which  determined  me  to  define  the  transcendental  ana- 
lysis as  the  Calculus  of  indirect  functions,  in  order  to  mark 
its  true  philosophical  character,  while  excluding  all  discussion 
about  the  best  manner  of  conceiving  and  applying  it.  AVhat- 
ever  may  be  the  method  employed,  the  general  eficct  of  this 
analysis  is  to  bring  every  mathematical  question  more  speedily 
into  the  domain  of  the  calculus,  and  thus  to  lessen  consider- 
ably the  grand  difficulty  of  the  passage  from  the  concrete  to 
the  abstract.  We  cannot  hope  that  the  Calculus  will  ever  lay 
hold  of  all  questions  of  natural  philosophy — ^geometrical,  me- 
dianical,  thermological,  etc. — ^fiom  their  birSi.  That  would 
be  a  contradiction.  In  every  problem  there  must  be  a  certain 
preliminary  operation  before  the  calculus  can  be  of  any  use, 
and  one  which  could  not  by  its  nature  be  subjected  to  ab- 
stract and  invariable  rules : — ^it  is  that  which  has  for  its  object 
the  establishment  of  equations,  which  are  the  indispensable 
point  of  departure  for  aU  analytical  investigations.  But  this 
preliminary  elaboration  has  been  remarkably  simplified  by 
the  creation  of  the  transcendental  analysis,  wliich  has  thus 
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Lastaicd  the  moment  at  wliicli  general  and  abstract  processes 
may  be  uniformlj  and  exactly  applied  to  the  solution,  by  re- 
ducing the  operation  to  findmg  the  equations  between  auxL' 
liary  magnitudes,  whence  the  Calculus  leads  to  equations 
directly  relating  to  the  proposed  magnitudes,  which  had  for- 
merly to  be  established  directly.  Wliethcr  these  indirect 
equations  are  differential  equations,  according  to  Leibnitz,  or 
equations  of  KniiU,  according  to  Newton,  or  derived  equa- 
tions, according  to  Lagrange,,  the  general  procedure  is  evi- 
dently always  the  same.  The  coincidence  is  not  only  in  the 
result  but  in  the  process;  for  the  auxiliaries  introduced  are 
really  identical,  being  only  regarded  from  different  points  of 
new.  Tlie  conceptions  of  Leibnitz  and  of  Newton  consist  in 
making  known  in  any  case  two  general  necessary  properties 
of  the  derived  function  of  Lagrange.  The  transcendental 
analysis,  then,  examined  abstractly  and  in  its  principle,  is 
always  the  same,  whatever  conception  is  adopted;  and  the 
processes  of  the  Calculus  of  indirect  functions  are  necessarily 
identical  in  these  different  methods,  which  must  therefore, 
under  any  application  whatever,  lead  to  rigorously  uniform 
results. 

K  we  endeavour  to  estimate  their  comparative 
value,  we  shall  find  in  each  of  the  three  concep-  J^^^^*"' 
tions  advantages  and  inconveniences  which  are 
peculiar  to  it,  and  which  pro'cnt  geometers  from  adhering  to 
any  one  of  them,  as  exclusive  and  final. 

The  method  of  Leibnitz  has  eminently  the  advantage  in 
the  rapidity  and  ease  iiith  which  it  effects  the  formation  of 
equations  between  auxiliary  magnitudes.  We  owe  to  its  use 
the  high  perfection  attained  by  all  the  general  theories  of 
geometry  and  mechanics.  -AMiatever  may  be  the  speculative 
opinions  of  geometers  as  to  the  infinitesimal  method,  they  all 
employ  it  in  the  treatment  of  any  new  question.  Lagrange 
himself,  after  having  reconstructed  the  analysis  on  a  new  ba^ 
rendered  a  candid  and  decisive  homage  to  the  conception  of 
Leibnitz,  by  employing  it  exclusively  in  the  whole  system  of 
his  'Analytical  Mechanics.'  Such  a  fact  needs  no  comment. 
Yet  are  we  obliged  to  admit,  with  Lagrange,  that  the  concep- 
tion of  Leibnitz  is  radically  vicious  in  its  logical  relations. 
He  himself  declared  the  notion  of  infinitely  small  quantities 
to  be  a  false  idea :  and  it  is  in  fact  imix>ssible  to  conceive  of 
them  clearly,  though  we  may  sometimes  fancy  that  we  do. 
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This  false  idea  bears^  to  my  mind,  the  characteristic  impress 
of  the  metaphysical  age  of  its  birth  and  tendendcs  of  its 
originator.  By  the  ingenious  principle  of  the  compensation 
of  errors,  we  may,  as  we  have  already  seen,  explain  the  neces- 
sary exactness  of  the  processes  which  compose  the  method; 
but  it  is  a  radical  inconvenience  to  be  obliged  to  indicate,  in 
Mathematics^  two  classes  of  reasonings  so  unlike,  as  that  the 
one  order  are  perfectly  rigorous,  while  by  the  others  we 
designedly  commit  errors  which  have  to  be  afterwards  com- 
pensated. There  is  nothing  very  Ic^cal  in  this;  nor  is  any- 
thing obtained  by  pleading,  as  some  do,  that  this  method  can 
be  made  to  enter  into  that  of  limits,  which  is  l(^cally  irre- 
proachable. Tliis  is  eluding  the  difficulty,  and  not  resolving 
it;  and  besides,  the  advantages  of  this  method,  its  ease  and 
rapidity,  are  almost  entirely  lost  under  such  a  transformation. 
Finally,  the  infinitesimal  method  exhibits  the  very  serious 
defect  of  breaking  the  unity  of  abstract  mathematics  by  creat- 
ing a  transcendental  analysis  founded  upon  principles  widely 
different  firom  those  which  serve  as  a  basis  to  orainary  ana- 
lyns.  This  division  of  analysis  into  two  systems,  almost 
wholly  independent,  tends  to  prevent  the  formation  of  general 
analytical  conceptions.  To  estimate  the  consequences  duly, 
we  must  recur  in  thought  to  the  state  of  the  science  before 
Lagrange  had  established  a  general  and  complete  harmony 
between  these  two  great  sections. 

Newton's  conception  is  free  from  the  logical  objections  im- 
putable to  that  of  Leibnitz.  The  notion  of  limits  is  in  fact 
remarkable  for  its  distinctness  and  precision.  The  equations 
are,  in  this  case,  regarded  as  exact  from  their  origin ;  and  the 
general  rules  of  reasoning  are  as  constantly  obser^^cd  as  in 
ordinary  analysis.  But  it  is  weak  in  resources,  and  embar- 
rassing in  operation,  compared  with  the  infinitesimal  method. 
Li  its  applications,  the  relative  inferiority  of  this  theory  is 
very  strongly  marked.  It  also  separates  the  ordinary  and 
transcendental  analysis,  though  not  so  conspicuously  as  the 
theory  of  Leibnitz.  As  Lagrange  remarked,  &e  idea  of  limits, 
though  dear  and  exact,  is  not  the  less  a  foreign  idea,  on  which 
anah'tical  theories  ought  not  to  be  dependent. 

This  perfect  unity  of  analysis,  and  a  purely  abstract  charac- 
ter in  the  fundamental  ideas,  are  found  in  the  conception  of 
Lagrange,  and  there  alone.  It  is  therefore  the  most  philoso- 
phical of  all.    Discarding  every  heterogeneous  consideration. 
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Lagrange  reduced  the  transcendental  analyds  to  its  proper 
character^ — ^that  of  presenting  a  very  extensive  class  of  ana- 
lytical transformations,  ivhich  facilitate  in  a  remarkable  de- 
gree the  expression  of  the  conditions  of  the  various  problems. 
This  exhibits  the  conccjption  as  a  simple  extension  of  ordinaiy 
analysis.  It  is  a  superior  algebra.  All  the  different  parts  ol 
abstract  mathematics,  till  then  so  incoherent,  might  be  firom 
that  moment  conceived  of  as  forming  a  single  system.  This 
philosophical  superiority  marks  it  for  adoption  as  the  final 
theory  of  transcendental  analysis;  but  it  presents  too  many 
difficulties  in  its  application,  in  comparison  with  the  others,  to 
admit  of  its  exclusive  preference  at  present*  Lagrange  him- 
self had  great  difficulty  in  jcdiscovering,  by  his  o^n  method, 
the  principal  results  already  obtained  by  the  infinitesimal 
method,  on  general  questions  in  geometry  and  mechanics; 
and  \re  may  judge  by  that  "what  obstacles  would  occur  in 
treating  in  the  same  way  questions  really  new  and  important. 
Though  Lagrange,  stimulated  by  difficulty,  obtained  results 
in  some  cases  which  other  men  would  have  despaired  of,  it  is 
not  the  less  true  that  his  conception  has  thus  far  remained,  as 
a  whole,  essentially  unsuited  to  appUcations. 

The  result  of  sudi  a  comparison  of  these  three  methods  is 
the  comiction  that,  in  order  to  understand  the  transcendental 
analysis  thoroughly,  we  should  not  only  study  it  in  its  princi- 
ples according  to  all  these  conceptions,  but  should  accustom 
ourselves  to  employ  them  all  (and  especially  the  first  and  last) 
almost  indifferently,  in  the  solution  of  all  important  questions, 
whether  of  the  calculus  of  indirect  fmictions  in  itself,  or  of  its 
applications.  In  all  the  other  departments  of  mathematical 
science,  the  consideration  of  different  methods  for  a  single 
class  of  questions  may  be  useful,  apart  from  the  historical 
interest  which  it  presents ;  but  it  is  not  indispensable.  Here, 
on  the  contrary,  it  is  strictly  indispensable.  Without  it  there 
can  be  no  philosopliical  judgment  of  this  admirable  creation 
of  the  human  mind;  nor  any  success  and  facili^  in  the  use  of 
tins  powerful  instrument. 


THE    DIFFERENTIAL  AND   INTEGRAL  CALCULUS. 

Tlie  Calculus  of  Indirect  functions  is  necessarily    j^  twoPwU 
divided  into  two  parts ;  or  rather,  it  is  comix)8ed 
of  two  distinct  calculi,  having  the  relation  of  converse  action. 
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By  the  one  ve  seek  the  relations  between  the  auxiliaiy  magni- 
tudes, by  means  of  the  relations  between  the  corresponding 
primitive  magnitudes;  by  the  other  we  seek,  conversdy,  these 
direct  equations  by  means  of  the  indirect  equations  first 
established.  This  is  the  double  object  of  the  transcendental 
analyms. 

Different  names  have  been  given  to  the  two  systems,  ac- 
cording to  the  point  of  view  from  which  the  entire  anidysis 
has  b^n  regarded.  The  infinitesimal  method,  properly  so 
called,  being  most  in  use,  almost  all  geometers  employ  the 
terms  Differential  Calculus  and  Integral  Calculus  estoldishcd 
by  Leibnitz.  Newton,  in  accordance  with  his  method,  called 
the  first  the  Calculus  of  Fluxions,  and  the  second  the  Calculus 
of  Fluents,  terms  which  were  till  lately  commonly  adopted  in 
England.  According  to  the  theory  of  Lagrange,  the  one  would 
be  called  the  Calculus  of  Derived  Functions,  and  the  other  the 
Calculus  of  Primitive  Functions.  I  shall  make  use  of  the  terms 
of  Leibnitz,  as  the  fittest  for  the  formation  of  secondary  ex- 
pressions, though  we  must,  as  has  been  shown,  employ  aU  the 
conceptions  concurrently,  approaching  as  nearly  as  may  be  to 
that  of  Lagrange. 

The  differential  calculus  is  obviously  the  ra- 
J2SoS^  tional  basis  of  the  integral.  We  have  seen  that 
ten  simple  functions  constitute  the  elements  of 
our  analysis.  We  cannot  know  how  to  integrate  directly  any 
other  differential  expressions  than  those  produced  by  the  diffe- 
rentiation of  those  ten  functions.  Tlie  art  of  integration  con- 
sists therefore  in  bringing  all  the  other  cases,  as  far  as  possible, 
to  depend  wholly  on  this  small  number  of  simple  functions. 

It  may  not  be  apparent  to  all  minds  what  can  be  the  proper 
utility  of  the  differential  calculus,  indcpcndentlv  of  this  neces- 
sary connection  with  the  iutcgi*al  calculus,  which  seems  as  if 
it  must  be  in  itself  the  only  directly  indispensable  one;  in 
fact,  the  elimination  of  the  infinitesimals  or  the  derivatives,  in- 
troduced as  auxiliaries,  being  the  final  object  of  the  calculus 
of  indirect  functions,  it  is  natund  to  think  that  the  calculus 
which  teaches  us  to  deduce  the  equations  between  the  primitive 
magnitudes  from  those  between  the  auxiliary  magnitudes  must 
meet  all  the  general  needs  of  the  transcendental  analysis, 
without  our  seeing  at  first  what  special  and  constant  part  the 
solution  of  the  inverse  question  can  have  in  such  an  analysis. 
A  common  answer  is  assigning  to  the  differential  calculus  the 
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office  of  forming  the  differential  equations ;  but  this  is  clearly 
an  error;  for  tlie  primitive  formation  of  differential  equations 
is  not  the  business  of  any  calculus,  for  it  is,  on  the  contrary, 
.  the  point  of  departure  of  any  calculus  ivhatever.  The  very 
use  of  the  differential  calculus  is  enabling  us  to  differentiate 
the  various  equations ;  and  it  cannot  therefore  be  the  process 
for  establisliing  them.  This  common  error  arises  from  con- 
founding the  infinitesimal  caladns  \rith  the  infinitesimal 
method,  irhich  last  facilitates  the  formation  of  equations,  in 
every  application  of  the  transcendental  analysis,  llie  calculus 
is  the  indispensable  complement  of  the  method;  but  it  is  per- 
lEcctly  distinct  from  it.  But  again,  we  should  much  miscon- 
ceive the  peculiar  importance  of  this  first  branch  of  the  cal- 
culus of  indirect  functions  if  we  saw  in  it  only  a  preliminary 
process,  designed  merely  to  prepare  an  indispensable  basis  for 
the  integral  calculus.  A  few  words  will  show  that  a  primary 
direct  and  necessary  office  is  always  assigned  to  the  differential 
calculus.  In  forming  differential  equations,  we 
rardy  restrict  ourselves  to  introducing  differen-  ^^^J^"* 
tially  only  those  magnitudes  whose  relations  are 
sought.  It  would  often  be  impossible  to  establish  equations 
without  introducing  other  magnitudes  whose  relations  are,  or 
are  supposed  to  be,  known.  Now  in  such  cases  it  is  neccssaiy 
that  the  differentials  of  these  intermediaries  should  be  elimi- 
nated before  the  equations  are  fit  for  integration.  This  elimi- 
nation belongs  to  the  differential  calculus;  for  it  must  be  done 
by  determining,  by  means  of  the  equations  between  the  inter- 
mediary functions,  the  relations  of  their  differentials ;  and  this 
is  merely  a  question  of  differentiation.  Tliis  is  the  way  in 
which  the  differential  calculus  not  only  prepares  a  basis  for 
the  integral,  but  makes  it  available  in  a  multitude  of  cases 
which  could  not  othemise  be  treated.  Tliere  are  cbie*  of  the 
some  questions,  few,  but  highly  important,  which  DiffeKntial 
admit  of  the  employment  of  the  differential  cal-  cal<^ulus  alone, 
cuius  alone.  Tliey  are  those  in  which  the  magnitudes  sought 
enter  directly,  and  not  by  their  differentials,  into  the  primitive 
differential  equations,  which  then  contain  differentiaUy  only 
the  various  known  functions  employed,  as  we  saw  just  now,  as 
intermediaries.  This  calculus  is  here  entirely  sufficient  for  the 
elimination  of  the  infinitesimals,  without  the  question  giving 
rise  to  any  integration.  Tlierc  are  also  questions,  few,  but 
highly  important,  which  are  the  converse  of  the  last,  requiring 
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loftlielii-^^  employment  of  the  int^nil  calculus  alone. 

t^gnl  cakuhu  In  these,  tibe  differential  equations  are  found  to 
■****^  be  immediately  ready  for  integration,  because 

they  contain,  at  their  first  formation,  only  the  infinitesimals 
which  relate  to  the  functions  sought,  or  to  the  really  indepen- 
dent variables,  without  the  introduction,  differentially,  of  any 
intermediaries  being  required.  If  intermediary  functions  are 
introduced,  they  will,  by  the  hypothesis,  enter  directly,  and  not 

S'  their  differentials ;  and  then,  ordinary  algebra  will  serve  for 
eir  elimination,  and  to  bring  the  question  to  depend  on  the 
integral  calculus  only.  The  differential  calculus  is,  in  such 
cases,  not  essential  to  the  solution  of  the  problem,  which  will 
depend  entirely  on  the  integral  calculus.  Thus,  dl  q^uestions 
to  which  the  analysis  is  applicable  are  contained  m  three 
classes.  The  first  class  comprehends  the  problems  which  may 
be  resolved  by  the  differential  calculus  alone.  The  second,  those 
which  may  be  resolved  by  the  integral  calculus  alone.  These 
are  only  exceptional ;  the  third  constituting  the  normal  case ; 
that  in  which  the  differential  and  integral  calculus  have  each 
a  distinct  and  necessary  part  in  the  solution  of  problems. 

The  Differential  Calculus. 

The  entire  system  of  the  differential  calculus  is  simple  and 
perfect,  while  die  integral  calculus  remains  extremely  im- 
pei&ct. 

We  have  nothing  to  do  here  with  the  applica- 
^O^^S^  tions  of  either  calculus,  which  are  quite  a  differ- 
ent study  from  that  of  the  abstract  principles  of 
differentiation  and  integration.  The  consequence  of  the  com- 
mon practice  of  confounding  these  principles  with  their  appli- 
cation, cspedally  in  geometry,  is  that  it  becomes  difficult  to 
conceive  of  either  analysis  or  geometry.  It  is  in  the  depart- 
ment of  Concrete  Alathcmatics  that  the  applications  should 
be  studied. 

The  first  division  of  the  differential  calculus  is  grounded  on 
the  condition  whether  the  functions  to  be  differentiated  are 
Tw  noriians.    *?P^'^'  ^^  implicit;  thc  ouc  giving  rise  to  the 

oportxHii.  ^ffdpjjntiation  of  fonnulas,  and  the  other  to  the 
differentiation  of  equations.  This  classification  is  rendered 
necessary  by  tlic  imperfection  of  ordinary  analysis;  for  if  we 
knew  how  to  resolve  all  equations  algebndeally,  it  would  be 
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possible  to  render  every  implicit  function  explicit;  and^  Inr 
differentiating  it  only  in  that  statc^  the  second  part  of  the  dif- 
ferential calculus  TFould  be  immediately  included  in  the  firsts 
without  giving  rise  to  any  new  difficulty.  But  the  algebraic 
resolution  of  equations  is,  as  we  know,  still  scarcely  past  its 
infanqr^  and  unknown  for  the  greater  number  of  cases;  and 
we  have  to  differentiate  a  function  without  knowing  it,  though 
it  is  determinate.  Thus  we  have  two  classes  of  questions,  the 
differentiation  of  implicit  functions  being  a  distinct  case  irom 
that  of  explicit  functions,  and  much  more  complicated.  We 
have  to  begin  by  the  differentiation  of  formulas,  and  we  may 
then  refer  to  this  first  case  the  differentiation  of  equations,  by 
certain  analytical  considerations  which  we  are  not  concerned 
ivith  here.  There  is  another  new  in  which  the  two  general 
cases  of  differentiation  are  distinct.  The  relation  obtained  be- 
tween the  differentials  is  always  more  indirect,  in  comparison 
with  that  of  the  finite  quantities,  in  the  differentiation  of  im- 
plicit, than  in  that  of  explicit  functions.  We  shall  meet  with 
this  consideration  in  the  case  of  the  integral  calculus,  where 
it  acquires  a  preponderant  importance. 

Each  of  these  parts  of  the  differential  calculus  g  t^j^. 
is  again  divided :  and  this  subdivision  exhibits  two  "  ^^"^ 
very  distinct  theories,  according  as  we  have  to  differentiate 
fimctions  of  a  single  variable,  or  functions  of  several  indepen- 
dent variables, — the  second  branch  being  of  far  greater  com- 
plexity than  the  first,  in  the  case  of  explicit  functions,  and 
much  more  in  that  of  implicit.  One  more  distinction  remains, 
to  complete  this  brief  sketch  of  the  parts  of  the  differential 
calculus.  Tlie  case  in  which  it  is  required  to  differentiate  at 
once  different  implicit  functions  combined  in  certain  primitive 
equations  must  be  distinguished  irom  that  in  which  all  these 
functions  are  separate.  The  same  imperfection  of  ordinary 
analysis  which  prevents  our  converting  every  implicit  function 
into  an  equivalent  explicit  one,  renders  us  unable  to  separate 
the  functions  which  enter  simultaneouslv  into  any  system  of 
equations;  and  the  functions  are  cndcntly  still  more  implicit 
in  the  case  of  combined  than  of  separate  functions :  and  in 
differentiating,  we  are  not  only  imable  to  resolve  the  primitive 
equations,  but  even  to  effect  the  proper  elimination  among 
them. 

We  have  now  seen  the  different  parts  of  tliis  cal-   Beduction  to 
cuius  in  their  natural  connection  and  rational   ^^<~ 

VOL.  !• 
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distribution.  The  whole  calculus  is  finally  found  to  rest 
upon  the  diflcrcntiation  of  explicit  functions  M-ith  a  single 
variable, — ^thc  only  one  which  is  ever  executed  directly.  Now, 
it  is  easy  to  understand  that  this  first  theory,  this  neces- 
sary basis  of  the  whole  system,  simply  consists  of  the  difie- 
rcntiation  of  the  elementary  functions,  ten  in  number,  which 
compose  all  our  analytical  combinations;  for  the  differentia- 
tion of  oompoimd  functions  is  endently  deduced,  immediately 
and  necessarily,  from  that  of  their  constituent  simple  func- 
tions. AVe  find,  then,  tlie  whole  system  of  differentiation  re- 
duced to  the  knowledge  of  the  ten  fundamental  differentials, 
and  to  that  of  the  two  general  principles,  by  one  of  which  the 
differentiation  of  implicit  functions  is  deduced  firom  that  of 
explicit,  and  by  the  other,  the  differentiation  of  functions  of 
several  variables  is  reduced  to  that  of  functions  of  a  single 
variable.  Such  is  the  simplicity  and  perfection  of  the  system 
of  the  differential  calculus. 

Tnaufomui-  ^h®  transfornkaiion  of  derived  Functions  for  new 
tionof  derired  variables  is  a  theory  which  must  be  just  men- 
functioiM  for  tioncd,  to  avoid  the  omission  of  an  indispensable 
new  Tanablct.  complement  of  the  system  of  differentiation.  It 
is  as  finished  and  perfect  as  the  other  parts  of  this  calculus; 
and  its  great  importance  is  in  its  increasing  our  resources  by 
permitting  us  to  choose,  to  facilitate  the  formation  of  diffe- 
rential equations,  that  system  of  independent  variables  which 
may  appear  to  be  most  advantageous,  though  it  may  after-, 
wards  be  relinquished,  as  an  intermediate  step,  by  which, 
through  this  theory,  we  may  pass  to  the  final  system,  which 
sometimes  could  not  have  been  considered  directly. 

Though  we  cannot  here  consider  the  concrete 
^pUctJ^it.  applications  of  this  calculus,  we  must  glance  at 
those  which  are  analytical,  Ix^causc  th<^  are  of  the 
same  nature  \rith  the  tlieory,  and  should  be  looked  at  in  con- 
nection \iith  it.  These  questions  are  reducible  to  three  essen- 
tial ones.  First,  the  development  into  series  of  functions  of 
one  or  more  variables ;  or,  more  generally,  the  transformation 
of  functions,  which  constitutes  the  most  beautiful  and  the 
most  important  application  of  the  differential  calculus  to  ge- 
neral analysis,  and  which  comprises,  besides  the  fundamental 
series  discovered  }yy  Taylor,  the  remarkable  scries  discovered  by 
^laclaurin,  John  Bemouilli,  Lagrange  and  others.  Secondly, 
the  general  theory  of  maxima  and  minima  values  for  any 
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functions  whatever  of  one  or  more  rariables :  one  of  tlie  most 
interesting  problems  tliat  analysis  can  present,  however  ele- 
mentary it  has  become.  The  tliird  is  the  least  important  of 
the  three : — ^it  is  the  determination  of  the  true  value  of  func- 
tions which  present  themselves  under  an  indeterminate  appear- 
ance^ for  certain  hj'pothcscs  made  on  tlie  values  of  the  corre- 
sponding variables.  In  every  view,  the  first  question  is  the 
most  eminent ;  it  is  also  the  most  susceptible  of  future  ex- 
tension, especially  by  conceiving,  in  a  larger  manner  than 
hitherto,  of  the  employment  of  the  differential  calculus  for  the 
transformation  of  functions,  about  which  Lagrange  left  some 
valuable  suggestions  which  have  been  neither  generalized  nor 
followed  up. 

It  is  with  regret  that  I  confine  myself  to  the  generalities 
which  are  the  proper  subjects  of  this  work ;  so  extensive  and 
so  interesting  are  the  developments  which  might  otherwise  be 
offered.  Insufficient  and  summary  as  are  the  views  of  the 
Differential  Calculus  just  offered,  we  must  be  no  less  rapid  in 
our  suney  of  the  Integral  Calculus,  properly  so  called;  that 
is,  the  abstract  subject  of  integration. 

The  Integral  Calcului. 

TIic  di^-ision  of  the  Integral  Calculus,  like  that 
of  the  Differential,  proceeds  on  the  principle  of  q^^^^ 
distinguishing  the  integration  of  explicit  diffe- 
rential formulas  fix>m  the  integration  of  implicit  differentials,  or 
of  differential  equations.   Tlie  separation  of  these   n  j:  •  • 
two  cases  is  e^'cn  more  radical  in  the  case  of  in- 
tegration than  in  the  other.     In  the  differential  calculus  this 
distinction  rests,  as  we  have  seen,  only  on  the  extreme  imper- 
fection of  ordinary  analysis.      But,  on  the  other  hand,  it  is 
clear  that  even  if  all  equations  could  1)c  algebraically  resolved, 
differential  equations  would  nevertheless  constitute  a  case  of 
iutcgi*ation  altogether  distinct  fi-om  that  presented  by  explicit 
differential  formidas.     Tlieir  integration  is  necessarily  more 
complicated  than  that  of  explicit  difiei^entials,  by  the  elabonu 
tion  of  which  the  integral  calculus  was  originated,  and  on 
which  the  others  have  been  made  to  deiicnd,  as  far  as  possible. 
All  the  various  analytic^d  ]>roccsscs  hitherto  proposed  for  the 
integi*ation  of  differential  equations,  whether  by  the  separation 
of  variables,  or  the  method  of  multipliers,  or  Qther  means, 
have  been  designed  to  reduce  these  uitegrations  to  those  of 
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differential  formnlasy  the  only  object  trhich  can  be  directly  un- 
dertaken.     Unhappily,  imperfect  as  is  this  necessary  bains  of 
the  irhole  uitegral  calcolus,  the  art  of  redudus  to  it  the  inte- 
gration of  differential  equations  is  even  much  loss  advanced. 
SnMiriA*  "^        *^*^®®  ^^  *®  differential  calculus,  and 

SabdmBKmi.     f^^  analogous  reasons,  each  of  these  t^vo  brandies 
of  the  integral  calculus  is  divided  again,  according  as  we  con- 

sider  functions  with  a  single  variable  or  functions 
2"^^^^     with  several  independent  variables.      Tins  dis- 

tinction  is,  like  the  preceding,  even  more  impor- 
tant for  integration  than  for  differentiation.  This  is  especially 
remarkable  with  respect  to  differential  equations.  In  fact, 
those  which  relate  to  several  independent  variables  may  evi- 
dently present  this  characteristic  and  higher  difficulty — ^that 
the  function  sought  may  be  differentially  defined  by  a  simple 
relation  between  its  various  special  derivatives  with  regard  to 
the  different  variables  taken  separately.  Thence  resmts  the 
most  difficult,  and  also  the  most  extended  branch  of  the  inte- 
gral calculus,  which  is  commonly  called  the  Integral  Calculus 
of  partial  differences,  created  by  D'Alembcrt,  in  which,  as 
Liagrange  truly  perceived,  geometers  should  have  recognized  a 
new  calculus,  the  philosophical  character  of  which  has  not  yet 
been  precisely  deaded.  This  higher  branch  of  transcendental 
analysis  is  still  entirely  in  its  infancy.  In  the  very  simplest 
case,  we  cannot  completely  reduce  the  integration  to  that  of 
the  ordinary  differential  equations. 

^^^  A  new  distinction,  highly   important    here, 

SS^ratktion.   ^^^^  ^^^  ^  ^^^  differential  calculus,  where  it 

is  a  mistake  to  insist  upon  it,  is  drawn  from  the 
higher  or  lower  order  of  the  differentials.  We  may  r^ard 
this  distinction  as  a  subdinsion  in  the  integration  of  explicit 
or  implicit  differentials.  With  regard  to  explicit  differentials, 
whether  of  one  variable  or  of  se^'md,  the  necessity  of  distin- 
guishing their  different  orders  is  occasioned  merely  by  the 
extreme  imperfection  of  the  integral  calculus;  and,  Mith 
reference  to  implicit  differentials,  the  distinction  of  orders  is 
more  important  still.  In  the  first  case,  we  know  so  little  of 
integration  of  even  the  first  order  of  differential  formulas, 
that  differential  formulas  of  a  high  order  produce  new  difficul- 
ties in  arriving  at  the  primitive  function  which  is  om*  object. 
And  in  the  second  case,  there  is  the  additional  difficulty  that 
the  higher  order  of  the  differential  equations  necessarily  gives 
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rise  to  questions  of  a  new  kind.  The  higher  the  order  of  dif- 
ferential  equations^  the  more  implicit  are  the  cases  which  they 
present;  and  they  can  be  made  to  depend  on  each  other  only 
by  special  methods,  the  investigation  of  which,  in  consequence, 
forms  a  new  <dass  of  questions,  with  regard  to  the  simplest 
cases  of  which  we  as  yet  know  next  to  nothing. 

The  necessary  basis  of  all  other  integrations  is,  as  we  see 
fi*om  the  foregoing  considerations,  that  of  explicit  diflfercntial 
formulas  of  the  first  order  and  of  a  single  variable;  and  we 
cannot  succeed  in  efiTecting  other  integrations  but  by  reducing 
them  to  this  elementary  case,  which  is  the  only  one  capable  of 
being  treated  directly.  This  simple  fundamental  Q„^^|j^t,„^ 
integration,  often  conveniently  called  quadra-' 
tures,  corresponds  in  the  differential  calculus  to  the  elementaiy 
case  of  the  differentiation  of  explicit  functions  of  a  nngle 
variable.  But  the  integral  question  is,  by  its  nature,  quite 
otherwise  complicated,  and  much  more  extensive  than  the  dif* 
ferential  question.  We  have  seen  that  the  latter  is  reduced  to 
the  differentiation  of  ten  simple  functions,  which  furnish  the 
elements  of  analysis ;  but  the  integration  of  compound  fime- 
tions  does  not  necessarily  follow  from  that  of  the  simple 
functions,  each  combination  of  which  may  present  special  mf- 
ficulties  with  respect  to  the  integral  cdculus.  Hence  the 
indefinite  extent  and  varied  complication  of  the  question  of 
quadratures,  of  which  we  know  scarcely  anything  completely, 
after  all  the  efforts  of  analysts. 

The  question  is  divided  into  the  two  cases  of 
algebraic  functions  and  transcendental  functionM.  f^^^ 
The  algebraic  class  is  the  more  advanced  of  the 
two.  In  relation  to  irrational  functions,  it  is  true,  we  know 
scarcely  anything,  the  integrals  of  them  having  been  obtidned 
only  in  very  restricted  cases,  and  particularly  by  rendering 
them  rational.  The  integration  of  rational  functions  is  thus 
far  the  only  theory  of  this  calculus  which  has  admitted  of 
complete  treatment ;  and  thus  it  forms,  in  a  logical  point  of 
\iew,  its  most  satisfactory  part,  though  it  is  perhaps  the  least 
im2X)rtant.  Even  here,  the  imperfection  of  ordinary  analysis 
usually  comes  in  to  stop  the  working  of  the  theory,  by  which 
the  integration  finally  depends  on  the  algebraic  solution  of 
equations ;  and  thus  it  is  only  in  what  concerns  integration 
ricwed  in  an  abstract  manner  that  even  tliis  limited  case  is 
resolved.      And  this  gives  us  an  idea  of  the  extreme  imi)er- 
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fection  of  the'intqpral  calculnt.  The  case  of  the 
^^^JJ^^*"**^  integration  of  transcendental  functions  is  quite 
in  its  in&ncy  as  yet,  as  r^ards  either  exponential, 
logaritlimicy  or  circular  functions.  Very  few  cases  of  these 
kmds  have  been  treated ;  and  though  the  simplest  have  been 
chosen,  the  necessary  calculations  are  extremely  laborious. 

The  theory  of  Singular  Solutions  (sometimes 
^^  ■<>>«-  called  Particular  Solutions),  fijUy  developed  by 
Lagrange  in  his  Calculus  of  Functions,  but  not 
yet  duly  appreciated  by  geometers,  must  be  noticed  here,  on 
account  of  its  logical  perfection  and  the  extent  of  its  applica* 
tions.  Tliis  theory  forms  implicitly  a  portion  of  the  general 
theory  of  the  integration  of  diflfcreutial  equations ;  but  I  have 
left  it  till  now,  because  it  is,  as  it  were,  outside  of  the  integral 
calculus,  and  I  wished  to  preserve  the  sequence  of  its  parts. 
Clairaut  first  obscn'cd  the  existence  of  these  solutions,  and  he 
saw  in  them  a  paradox  of  die  integral  calculus,  since  they  have 
the  property  of  satisfying  the  differential  equations  without 
being  compi'ehended  in  the  corresponding  general  integrals. 
Lagrange  explained  this  paradox  by  shoii*ing  how  such  solutions 
are  always  derived  from  the  general  mtegral  by  the  variation 
of  the  arbitrary  constants.  TUs  tiieory  has  a  character  of  per- 
fect generality;  for  Lagrange  has  given  invariable  and  very 
simple  processes  for  finding  the  singular  solution  of  any  differen- 
tial equation  which  admits  of  it ;  and,  what  is  %'cry  remarkable, 
these  processes  require  no  integration,  consisting  only  of  dif- 
ferentiations, and  being  therefore  always  applicable.  Thus 
has  differentiation  become,  by  a  ha^ipy  artifice,  a  means  of 
compensating,  in  certain  circumstances,  for  the  imperfection 
of  the  integral  calculus. 

_^    .    .  One  more  theory  remains  to  be  noticed,  to 

^rn^  "'  complete  our  renew  of  that  collection  of  analy- 
tical researches  which  constitutes  the  integral 
calculus.  It  takes  its  place  outside  of  the  system,  Ijccausc, 
instead  of  being  destined  for  true  integration,  it  proposes  to 
supply  the  defect  of  our  ignorance  of  really  analytical  inte- 
grals. I  refer  to  the  determination  of  definite  integrals, 
Tliese  definite  integrals  arc  tJic  values  of  the  required  func- 
tions for  cci*tain  determinate  values  of  the  corres))onding  va- 
riables. Tlic  use  of  these  in  transcendental  analysis  corre- 
sponds to  the  nunierieal  i^csolution  of  equations  in  ordinary 
analysis.    Analysts  being  us»uaUy  imable  to  obtain  the  real  in- 
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tegral  (called  in  oppoation  the  general  or  indefiniie  integral), 
that  is,  the  function  Avhich,  differentiated,  has  produced  the 
proposed  differential  formula,  have  been  driven  to  determining, 
at  least,  without  knowing  this  function,  the  particidar  nume- 
rical values  which  it  would  take  on  assigning  certain  declared 
values  to  the  variables.  This  is  evidently  rcsolniig  the  arith- 
metical question  without  hanng  first  resolved  the  correspond- 
ing algebraic  one,  which  is  generally  the  most  important;  and 
such  an  analysis  is,  by  its  nature,  as  imperfect  as  that  of  the 
numerical  resolution  of  equations.  Inconveniences,  logical 
and  practical,  result  from  such  a  confusion  of  arithmetical  and 
algebraic  considerations.  But,  under  our  inability  to  obtain 
the  true  integrals,  it  is  of  the  utmost  importance  to  have  been 
able  to  obtain  this  solution,  incomplete  and  insufficient  as  it 
is.  This  has  now  been  attained  for  all  cases,  the  determina- 
tion of  the  wine  of  definite  integrals  having  been  reduced  to 
entirely  general  methods,  which  leave  nothing  to  be  desired, 
in  many  cases,  but  less  complexity  in  the  calculations;  an 
object  to  which  analysts  are  now  directing  all  their  sn 
transformations.  This  kind  of  transcendental  arithmetic 
considered  perfect,  the  difficulty  in  its  applications  is  rcdu 
to  making  the  proposed  inquiry  finally  depend  only  on  a  simple 
determination  of  definite  integrals;  a  thing  which  evidently 
cannot  be  always  possible,  whatever  analytical  skill  may  be 
employed  in  effecting  so  forced  a  transformation. 

We  have  now  seen  tliat  while  the  differential   -^rospcdM  of 
calculus  constitutes  by  its  nature  a  limited  and   the  Intcgnl 
perfect  system,  the  integral  calcidus,  or  the  simple  0«lcttl««- 
subject  of  integration,  oflers  inexhaustible  scope  for  the  acti- 
vity of  the  human  mind,  independently  of  the  indefinite  appli- 
cations of  which  transcendental  analysis  is  evidently  capable. 
The  reasons  which  convince  us  of  the  impossibility  of  ever 
achie\ing  the  general  resolution  of  algebraic  equations  of  any 
degree  whatever,  are  yet  more  decisive  against  our  attainment 
of  a  single  method  oi  integration  applicable  to  aU  cases.   "  It 
is,"  said  Lagrange,  "  one  of  those  problems  whose  general 
solution  we  cannot  hoiic  for.'*     Tlie  more  we  meditate  on  the 
subject,  the  more  convinced  we  shall  be  that  such  a  research 
is  wliolly  chimerical,  as  transcending  the  scope  of  our  under- 
standing, though  the  lalK)ur8  of  geometers  must  ccrtaiyily  add 
in  time  to  our  knowledge  of  integration,  and  create  proce- 
dures of  a  \ridcr  generality.     The  transcendental  analysis  is 
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yet  too  near  its  origin,  it  has  too  reoentlj  been  r^arded  in  a 
truly  rational  manner,  for  ns  to  have  any  idea  what  it  may 
hereafter  become.  But,  whatever  may  be  our  legitimate 
hopes,  we  must  ever,  in  the  first  place,  consider  the  limits 
imposed  by  our  intellectual  constitution,  which  are  not  the 
less  real  because  we  cannot  precisely  assign  them. 

I  have  hinted  that  a  future  augmentation  of  our  resources 
may  probably  arise  from  a  change  in  the  mode  of  derivation 
of  the  auxiliary  quantities  introduced  to  &cilitate  the  esta- 
blishment of  equations.  Their  formation  might  follow  a  mul- 
titude of  other  laws  besides  the  very  simple  idation  which  has 
been  selected.  I  discern  here  far  greater  resources  than  in 
urging  further  our  present  calculus  of  indirect  functions ;  and 
I  am  persuaded  that  when  geometers  have  exhausted  the  most 
important  applications  of  our  present  transcendental  analy- 
sis, they  will  turn  their  attention  in  this  direction,  instead  of 
straining  after  perfection  where  it  cannot  be  found.  I  submit 
this  view  to  geometers  whose  meditations  are  fixed  on  the  ge- 
neral philosophy  of  analvns. 

As  for  die  rest,  though  I  was  bound  to  exhibit  in  my  sum- 
mary exposition  the  state  of  extreme  imperfection  in  which 
the  int^;ral  calculus  still  remains,  it  would  be  entertaining  a 
false  idea  of  the  general  resources  of  the  transcendental  ana- 
lysb  to  attach  too  much  importance  to  this  consideration.  As 
in  ordinary  analysis,  we  find  here  that  a  very  small  amount  of 
fundamental  knowledge  respectinK  the  resolution  of  equations 
is  of  inestimable  use.  However  httlc  advanced  geometers  are 
as  ^et  in  the  science  of  integrations,  they  have  nevertheless 
derived  from  their  few  abstract  notions  the  solution  of  a  mul- 
titude of  questions  of  the  highest  importance  in  geometry, 
mechanics,  thermologv,  etc.  Hie  phflosophical  explanation 
of  this  double  general  fact  is  found  in  the  preponderating 
importance  and  scope  of  abstract  science,  the  smallest  por- 
tion of  wliich  naturally  corresponds  to  a  multitude  of  concrete 
researches,  Man  hanng  no  other  resource  for  the  successive 
extension  of  his  intellectual  means  than  in  the  contemplation 
of  ideas  more  and  more  abstract,  and  nevertheless  positive. 

Calculus  of  Variations. 

By  his  Calculus  or  Method  of  Variations,  Lagrange  improved 
the  capacity  of  the  transcendental  analysis  for  the  establish-v 
mciit  of  cfjuations  in  tlic  most  difiicult  problems,  by  consider- 
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ing  a  class  of  equations  still  more  indirect  than  differential 
equations  properly  so  odled.  It  is  still  too  near  its  origin, 
and  its  applications  have  been  too  few,  to  admit  of  its  being 
understood  by  a  purely  alistract  account  of  its  theory;  and  it 
is  therefore  necessary  to  indicate  briefly  the  special  nature  of 
the  problems  which  have  given  rise  to  this  hyper-transcen- 
dental analysis. 

Tliese  problems  are  those  which  were  long  Problems  giT- 
known  by  the  name  of  Isoperimetrical  Problems  ;  ing  rise  to  this 
a  name  which  is  truly  applicable  to  only  a  very  Cdculus. 
small  number  of  them.  They  consist  in  the  investigation  of  the 
maxitiia  and  tnininia  of  certain  indeterminate  integral  for- 
mulas which  express  the  analytical  law  of  such  or  such  a  geo- 
metrical or  mechanical  phenomenon,  considered  independently 
of  any  particular  subject. 

In  the  ordinary  theory  of  maxima  and  mmt/nn,  we  seek,  with 
regard  to  a  given  function  of  one  or  more  %^ariables,  what  parti- 
cular values  must  be  assigned  to  these  variables,  in  order  that 
the  correspondmg  value  of  the  proposed  function  may  be  a 
maximum  or  a  minimum  ^dth  respect  to  those  values  which  im- 
mediately precede  and  follow  it : — ^that  is,  we  inquire,  properly 
speaking,  at  what  instant  the  function  ceases  to  increase  in 
order  to  begin  to  decrease,  or  the  reverse.  The  differential 
calculus  fully  suffices,  as  we  know,  for  the  general  resolution 
of  this  class  of  questions,  by  showing  that  the  values  of  the 
different  variables  which  suit  either  the  maximum  or  minimum 
must  always  render  null  the  different  derivatives  of  the  first  or- 
der of  the  given  function,  taken  separately  with  relation  to  each 
independent  variable;  and  by  indicating  moreover  a  character 
suitable  for  distinguishing  the  maximum  fix>m  the  minimum, 
which  consists,  in  the  case  of  a  function  of  a  sinsle  variable, 
for  example,  in  the  derived  function  of  the  second  order  tidc- 
ing  a  negative  value  for  the  maximum  and  a  positive  for  the 
minimum.  Such  are  the  fundamental  conditions  belonging 
to  the  majority  of  cases;  and  where  modifications  take  place, 
they  are  equally  subject  to  invariable,  though  more  complir 
cated  abstract  rules. 

The^  construction  of  this  general  theory  ha\ing  destroyed 
the  chief  interest  of  geometers  in  Uiis  kind  of  questions,  they 
vosc  almost  immediately  to  the  consideration  of  a  new  order 
of  problems,  at  once  more  important  and  more  difficult, — 
those  of  isqperimeiers.     It  was  then  no  longer  the  %'alues  of 
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the  yariables  proper  to  the  maximum  or  the  minimum  of  a 
given  function  that  had  to  be  determined.    It  was  the  form  of 
the  function  itself  that  had  to  be  discovered^  according  to  the 
condition  of  the  maximum  or  minimum  of  a  certain  definite 
integral,  merely  indicated,  which  depended  on  that  function. 
We  cannot  here  follow  the  history  of  these  problems,  the 
oldest  of  which  is  that  of  the  solid  of  least  resistance,  treated 
by  Newton  in  the  second  book  of  the  '  Principia,'  in  which  he 
determines  what  must  be  the  meridian  curve  of  a  solid  of  revo- 
lution, in  order  that  the  resistance  experienced  by  that  body 
in  the  direction  of  its  axis  may  be  the  least  possible.     Me- 
chanics first  furnished  this  new  class  of  problems;  but  it  was 
from  geometry  that  the  subjects  of  the  principal  investigations 
were  afterwards  derived.    They  were  varied  and  complicated 
almost  infinitely  by  the  labours  of  the  best  geometers,  when 
Lagrange  reduced  their  solution  to  an  abstract  and  entirely 
general  method,  the  discovery  of  which  has  checked  the  eager- 
ness of  geometers  about  sudi  an  order  of  researches. 

It  is  evident  that  these  problems,  considered  analytically, 
conrist  in  determining  what  ought  to  be  the  form  of  a  certain 
unknown  function  of  one  or  more  variables,  in  order  that  such 
or  such  an  integral,  dependent  on  that  function,  may  have, 
within  assigned  limits,  a  value  which  may  be  a  maximum  or 
a  minimum,  with  regard  to  all  those  which  it  would  take  if  the 
required  function  had  any  other  form  whatever.  In  treat- 
ing these  problems,  the  pr^ccessors  of  Lagrange  proposed,  in 
substance,  to  reduce  them  to  the  ordinary  theory  of  maxima 
and  minima.  But  they  proceeded  by  applying  special  simple 
artifices  to  each  case,  not  reducible  to  certain  rules ;  so  that 
every  new  question  reproduced  analogous  difficulties,  without 
the  solutions  previously  obtained  being  of  any  essential  aid. 
Tlie  part  common  to  all  questions  of  this  class  had  not  been 
discovered ;  and  no  abstract  and  general  treatment  was  there- 
fore provided.  In  liis  endeavours  to  bring  all  isoperimetrical 
problems  to  depend  on  a  common  analysis,  Lagrange  was  led 
to  the  conception  of  a  new  kind  of  differentiation ;  and  to  these 
new  Differentials  he  gave  the  name  of  Variations.  They  con- 
flist  of  the  infinitely  small  increments  which  tiie  integrals  re- 
ceive, not  in  virtue  of  analogous  increments  on  the  i)art  of  the 
corrcsiwnding  variables,  as  in  the  common  transcendental 
analysis,  but  by  supposing  tliat  the/orim  of  the  function  placed 
under  the  sign  of  integration  undergoes  an  infinitely  small 
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cliange.  This  abstract  conception  once  formed,  Lagrang^was 
able  to  reduce  Anth  ease,  and  in  the  most  general  manner,  all 
tlie  problems  of  isoperimeters  to  the  simple  common  theory  of 
maxima  and  minima. 

Important  as  is  this  great  and  happy  transfor- 
mation,  and  though  the  Method  of  Variations  had  JS^'^"^' 
at  first  no  other  object  than  the  rational  and  ge- 
neral resolution  of  isopcrimctrical  problems,  we  should  form  a 
very  inadequate  estimate  of  this  beautiful  analysis  if  we  sup- 
posed it  restricted  to  this  application.  In  fact,  the  abstract 
conception  of  two  distinct  natures  of  differentiation  is  eridently 
applicable,  not  only  to  the  ca^cs  for  which  it  was  created,  but 
for  all  wliich  present,  for  any  reason  whatever,  two  different 
ways  of  making  the  same  magnitudes  vary.  Lagrange  him- 
self made  an  immense  and  all-important  a^iplication  of  his 
Calculus  of  Variations,  in  his  '  Analytical  ^lechanics,'  by  em- 
plo}dng  it  to  distinguish  the  two  sorts  of  changes,  naturaUy 
presented  by  questions  of  rational  ^lechanics  for  the  different 
points  we  have  to  consider,  according  as  we  com^iare  the  suc- 
cessive positions  occupied,  in  \irtue  of  its  motion,  by  the  same 
point  of  each  body  in  two  consecutive  instants,  or  as  we  pass 
from  one  point  of  the  body  to  another  in  tlie  same  instant. 
One  of  these  comparisons  produces  the  common  differentials; 
the  other  occasions  variations  which  are,  there  as  elsewhere, 
only  differentials  taken  from  a  new  point  of  %iew.  It  is  in  such 
a  general  acceptation  as  this  that  we  must  conceive  of  tlie 
Calculus  of  Variations,  to  appreciate  fitly  the  importance  of 
this  admirable  logical  instrument;  the  most  powerful  as  yet 
constructed  by  the  human  mind. 

This  ^f  ethod  being  only  an  immense  extension  of  the  general 
transcendental  analysis,  there  is  no  need  of  proof  that  it  ad- 
mits of  being  considered  under  the  different  primary  points  of 
view  allowed  by  the  calculus  of  indirect  functions,  as  a  whole. 
Lagrange  invented  the  calculus  of  variations  in  accordance 
with  the  infinitesimal  conception,  properly  so  called,  and  even 
some  time  before  he  undertook  the  general  reconstruction  of 
the  transcendental  analysis.  AMicn  he  had  effected  that  im- 
ix>rtant  reform,  he  easily  showed  how  applicable  it  was  to  the 
calculus  of  variations,  which  he  exhibited  with  all  suitable  de- 
vclopment,  acconling  to  his  theory  of  derived  functions.  But 
the  more  difficult  in  the  use  the  method  of  variations  is  found 
to  be,  on  account  of  the  higher  degree  of  abstraction  of  the 
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ideas  considered,  the  more  important  it  is  to  husband  the 
pollers  of  our  nunds  in  its  application,  by  adopting  the  most 
oiiect  and  rapid  analytical  conception,  nrhich  is,  as  vre  know, 
that  of  Leibnitz.  Lagrange  himself  therefore  constantly  pre- 
ferred it  in  the  important  use  which  he  made  of  the  calculus 
of  variations  in  his  'Analytical  Mechanics/  Tliere  is  not,  in 
fact,  the  slightest  hesitation  about  this  among  geometers. 
Bdfttkm  to  the  ^^  ^^^  section  on  the  Integral  Calculus,  I  no- 
'  ordinAiy  Cd-  ticed  D' Alcmbcrf  8  creation  of  the  Calculus  of 
««*^  partial  differences,  in  which  Lagrange  recognized 

a  new  calculus.  This  new  elementary  idea  in  transcendental 
analysis, — ^the  notion  of  two  kinds  of  increments,  distinct  and 
independent  of  each  other,  which  a  function  of  two  variables 
may  receive  in  virtue  of  the  change  of  each  variable  sepa- 
rately,— seems  to  me  to  establish  a  natural  and  necessary 
transition  between  the  common  infinitesimal  calculus  and  the 
calculus  of  variations.  D'Alemberfs  view  appears  to  me  to 
approximate,  by  its  nature,  very  nearly  to  that  which  senses  as 
a  general  basis  for  the  Method  of  Variations.  This  last  has, 
in  £abct,  done  nothing  more  than  transfer  to  the  independent 
variables  themselves  the  view  already  adopted  for  the  functions 
of  those  variables;  a  process  which  has  remarkably  extended 
its  use.  A  recc^nition  of  such  a  derivation  as  this  for  the 
method  of  variations  may  exhibit  its  philosophical  character 
more  clearly  and  simply;  and  this  is  my  reason  for  the  re- 
ference. 

The  Method  of  Variations  presents  itself  to  us  as  the 
highest  degree  of  perfection  which  the  analysis  of  indirect 
functions  has  yet  attained.  We  had  before,  in  that  analysis, 
a  powerful  instrument  for  the  mathematical  study  of  natural 
phenomena,  inasmuch  as  it  introduced  the  consideration  of 
auxiliary  magnitudes,  so  chosen  as  that  their  relations  were 
necessarily  more  simple  and  easy  to  obtain  than  those  of  the 
direct  magnitudes.  But  we  had  not  any  general  and  abstract 
roles  for  the  formation  of  these  differential  equations;  nor 
were  such  supposed  to  be  possible.  Now,  the  Analysis  of 
Variations  brings  the  actual  establishment  of  the  differential 
equations  within  the  reach  of  the  Calculus ;  for  such  is  the 
general  effect,  in  a  great  number  of  important  and  diflScult 

aiiestions,  of  the  varied  equations,  which,  still  more  indirect 
lan  the  simple  differcutiaJ  equations,  as  regards  the  special 
objects  of  the  inquiry,  are  more  easy  to  form :  and^  by  invari- 
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able  and  complete  analytical  methods^  employed  to  eliminate 
the  new  order  of  auxiliary  iniinitcsimala  introduced,  we  may 
deduce  those  ordinary  differential  equations  which  we  might 
not  have  been  able  to  establish  directly.  The  Method  of 
Variations  forms,  then,  the  most  sublime  part  of  tliat  xast 
'system  of  mathematical  analysis,  wliich,  setting  out  from  the 
simplest  elements  of  algebra,  organizes,  by  an  uninterrupted 
succession  of  ideas,  general  methods  more  and  more  potent 
for  the  investigation  of  natural  philosophy.  This  is  incom- 
parably the  noblest  and  most  unquestionable  testimony  to  the 
scope  of  the' human  intellect  If,  at  the  same  time,  we  bear  in 
mind  that  the  employment  of  this  method  exacts  the  highest 
known  degree  of  mtcllectual  exertion,  in  order  never  to  lose 
sight  of  the  precise  object  of  the  investigation  in  following 
reasonings  which  offer  to  the  mind  such  uncertain  resting- 
places,  and  in  which  si^  are  of  scarcely  any  assistance 
we  shall  understand  how  it  may  be  that  so  uttle  use  has  been 
made  of  such  a  conception  by  any  philosophers  but  Lagrange. 
We  have  now  reviewed  Mathematical  analysis,  in  its  basies 
and  in  its  divisions,  very  briefly,  but  from  a  philosophical  point 
of  view,  neglecting  those  conceptions  only  which  are  not 
organized  with  the  great  whole,  or  which,  if  urged  to  their 
limit,  would  be  found  to  merge  in  some  whidi  have  been 
examuied.  I  must  next  offer  a  similar  outline  of  Concrete 
Mathematics.  My  particular  task  will  be  to  show  how, — sup- 
posing the  general  science  of  the  Calculus  to  be  in  a  perfect 
state, — it  has  been  possible  to  reduce,  by  im-ariable  procedurei^ 
to  pure  questions  of  analysis,  all  the  problems  of  Geometby 
and  Mechanics  ;  and  thus  to  invest  these  two  great  bases  cf 
natural  philosophy  \i-ith  that  precision  and  unity  which  can 
only  thus  be  attained,  and  which  constitute  high  perfection* 
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CHAPTER  III. 

GENERAL  VIEW  OF  GEOHETBY. 

.  We  have  seen  that  Oeometby  is  a  true  natural 

"*  ^"^  science ;— only  more  simple,  and  therefore  more 
perfect  tlian  any  other.  We  must  not  suppose  that,  because 
it  lulmits  the  application  of  mathematical  analysis,  it  is  there- 
fore a  purely  logical  science,  independent  of  obscn^ation. 
Every  body  studied  by  geometers  presents  some  primitive 

K*  enomena  irhich,  not  being  discoverable  by  reasoning,  must 
due  to  observation  alone. 

The  sdentiiic  eminence  of  Geometry  arises  firom  the  ex- 
treme generality  and  simplicity  of  its  phenomena.  If  all  the 
parts  of  the  universe  ^rere  r^arded  as  immovable,  geometry 
would  still  exist ;  whereas,  for  the  phenomena  of  Mechanics, 
motion  is  required.  TIius  Greometry  is  the  more  general  of 
the  two.  It  is  ako  the  more  simple,  for  its  phenomena  are 
independent  of  those  of  Alcchanics,  while  mechanical  pheno- 
mena are  always  complicated  with  those  of  geometry.  The 
same  is  true  in  the  comparison  of  abstract  thermology  with 
geometry.  For  these  reasons,  geometry  holds  the  first  place 
under  the  bead  of  Concrete  ^Nfadiematics. 
jj^Ujjj^^  Instead  of  adopting  the  inadequate  ordinary 

account  of  Geometry,  that  it  is  the  science  of  ex- 
ieimon,  I  am  disposed  to  give,  as  a  general  description  of  it, 
that  it  is  the  science  of  the  nieasurenieni  ofexteimon.  Even 
this  docs  not  include  all  the  operations  of  geometry,  for  there 
are  manv  investigations  which  do  not  appear  to  have  for  their 
object  the  measurement  of  extension.  But  regarding  the 
science  in  its  leading  questions  as  a  whole,  we  may  accurately 
say  that  the  measurement  of  lines,  of  surfaces,  and  of  volumes, 
is  the  invariable  aim, — ^somctimcs  direct,  though  oftcner  in- 
dircct,-^of  geometrical  labours. 

Idn  of  Space        "^^^  rational  study  of  geometry  could  never 

*^'   have  Ix^gmi  if  we  must  have  regarded  at  once 

and  together  all  tlie  physical  properties  of  Ixklics,  together 
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1^-ith  their  magnitude  and  fonn.  By  the  character  of  onp 
minds  avc  are  able  to  think  of  the  dimensions  and  figiure  of  a 
body  in  an  abstract  way.  After  observation  has  sho¥m  ns, 
for  ^nstance^  the  impression  left  by  a  body  on  a  fluid  in  which 
it  has  been  placed^  we  are  able  to  retain  an  image  of  the  in^- 
prcssion^  which  becomes  a  ground  of  gcometriod  reasoning. 
We  thus  obtain, — apart  fix)m  aU  metaphysical  fancies^ — ^an 
idea  of  Space.  This  abstraction,  now  so  familiar  to  us  that 
we  cannot  conceive  the  state  we  should  be  in  without  it,  is  per- 
haps the  earliest  philosopliical  creation  of  the  human  mind. 

There  is  another  abstraction  which  must  be 
made  before  we  can  enter  on  geometrical  science. 
We  must  conceive  of  three  kinds  of  extension, 
and  learn  to  conceive  of  them  separately.  We  cannot  con- 
ceive of  any  space,  filled  by  any  object,  which  has  not  at  once 
volume^  $urfac€y  and  line.  Yet  geometrical  questions  often 
relate  to  only  two  of  these;  frequently  onl^  to  one.  Even 
when  all  three  are  to  be  finally  considered,  it  is  often  neces- 
sary, in  order  to  avoid  complication,  to  take  only  one  at  a 
time.  This  is  the  second  abstraction  which  it  is  indispensable 
for  us  to  practise, — ^to  think  of  siurface  and  line  apart  from 
volume ;  and  again,  of  luie  apart  from  surface.  We  effect 
tliis  by  thinking  of  volume  as  oecoming  thinner  and  thinner, 
till  surface  appears  as  the  thinnest  possible  layer  or  film: 
and  again,  we  think  of  this  surface  becoming  narrower  and 
narrower  till  it  is  reduced  to  the  finest  imaginable  thread ;  and 
then  we  have  the  idea  of  a  line.  Though  we  cannot  speak  of 
a  point  as  a  dimension,  we  must  have  the  abstract  idea  of  that 
too;  and  it  is  obtained  by  reducing  the  line  from  one  end  or 
both,  till  the  smallest  conceivable  portion  of  it  is  left.  This 
point  indicates,  not  extension,  of  course,  but  position,  or  the 
jdace  of  extension.  Smfaces  have  clearly  the  property  of  cir- 
cumscribing volumes;  lines,  again,  circumscribe  surfaces;  and 
lines,  once  more,  are  limited  by  points. 

Tlie  Mathematical  meaning  of  measurement  is 
simply  the  finding  the  value  of  the  ratios  between   2^^^^, 
any  homogeneous  magnitudes :  but  geometrically, 
the   measurement   is  always  indirect.    The   comparison  of 
two  lines  is  direct ;  that  of  two  surfaces  or  two  volumes  can 
never  he  direct.     One  line  may  be  conceived  to  be  laid  upon 
another :  but  one  volume  cannot  be  conceived  of  as  laid  upon 
another,  nor  one  siuface  upon  another,  with  any  convenience 


88  P08ITITE   FHILOSOFHT. 

or  exactness.  The  question  is,  then,  how  to  measure  surfaces 
and  Tolumes. 

Meuorcment  'Whatever  be  the  form  of  a  body;  there  must 
ofsuriicetand  always  be  lines,  the  length  of  which  will  define 
Tohnnet.  ^q  magnitude  of  the  surface  or  volume.     It  is 

the  business  of  geometry  to  use  these  lines,  directly  measur- 
able as  they  are,  for  the  ascertainment  of  the  ratio  of  the  sur- 
£bmx  to  the  unity  of  surface,  or  of  the  volume  to  the  unity  of 
volume,  as  cither  may  be  sought.  In  brief,  the  object  is  to  re- 
duce all  comparisons  of  surfaces  or  of  volumes  to  simple  com- 
parisons of  lines.  Extending  the  process,  we  find  the  possi- 
bility of  reducing  to  questions  of  lines  idl  questions  relating 
to  surfaces  and  volumes,  regarded  in  relation  to  their  magni- 
tude. It  is  true  tliat  when  the  rational  method  becomes  too 
complicated  and  difficult,  direct  comparisons  of  surfaces  and 
volumes  are  employed :  but  the  procedure  is  not  geometrical. 
In  the  same  way,  the  consideration  of  weight  is  sometimes 
brought  in,  to  determine  volume,  or  even  surface ;  but  this 
device  is  derived  fix>m  mechanics,  and  has  nothing  to  do  with 
rational  geometry. 

____j  ^^  speaking  of  the  direct  measurement  of  lines, 

2JjJ)^  it  is  clear  that  right  lines  are  meant.     When 

we  consider  curved  lines,  it  is  evident  that  their 
measurement  must  be  indirect,  since  we  cannot  conceive  of 
cun'cd  lines  being  laid  upon  each  other  with  any  precision  or 
certainty.  The  procedure  is  first  to  reduce  the  measurement 
of  curved  to  that  of  right  lines ;  and  consequently  to  reduce 
to  simple  questions  of  right  lines  all  questions  relating  to  the 
magnitude  of  any  curves  whatever.  In  every  curve,  there 
always  exist  certain  right  lines,  the  length  of  which  must  de- 
termine that  of  the  curve;  as  the  length  of  the  radius  of  a 
drcle  gives  us  that  of  the  circumference;  and  again,  as  the 
length  of  an  ellipse  depends  on  that  of  its  two  axes. 

Thus,  the  science  of  Geometxr  has  for  its  object  the  final 
reduction  of  the  comparisons  of  all  kinds  of  extent  to  com- 
parisons of  right  lines,  which  alone  are  capable  of  direct  com- 
parison, and  are,  moreover,  eminently  easy  to  manaffe. 

1  must  just  notice  that  there  is  a  primary  distinct  branch  oL 
Geometry,  exclusively  de\'oted  to  the  right  line,  on  account  of 
occasionablc  insurmountable  difficidtics  in  making  the  direct 
comiNirison ;  its  object  is  to  determine  certain  right  lines  fix>m 
others  by  means  of  the  relations  proper  to  the  figures  resulting 
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fiom  their  assemblage.  The  impoilanoe  of  this  is  dear^  as  no 
question  could  be  soked  if  the  measurement  of  right  lines, 
on  which  every  other  depends,  were  left,  in  any  case,  uncer^ 
tain.  The  natural  order  of  the  parts  of  rational  geometry  is 
therefore,  first  the  geometry  of  line,  beginning  with  the  right 
line;  then  the  geometiy  of  surfaces;  and,  finally,  that  of 
volumes. 

The  field  of  geometrical  science  is  absolutely         .^.^^^^^ 
unbounded.    There  may  be  as  many  questions  as   JJj^T™***^^ 
there  are  conceivable  figures ;  and  the  variety  of 
conceivable  figures  is  infinite.    As  to  curved  lanes,  if  we  reeard 
them  as  generated  by  the  motion  of  a  point  governed  by  a 
certain  law,  we  cannot  limit  their  numoer,  as  the  variety  of 
distinct  conditions  is  nothing  short  of  infinite ;  each  generating 
new  ones,  and  those  again  others.    Surfaces,  asain,  are  con- 
ceived of  as  motions  of  lines;  and  thq^  not  omy  partake  of 
the  variety  of  lines,  but  have  another  of  their  own,  arising 
from  the  possible  change  of  nature  in  the  line.    There  can  be 
nothing  like  this  in  lines,  as  points  cannot  describe  a  figure. 
Thus,  there  is  a  double  set  of  conditions  under  which  the 
figures  of  sur&oes  may  vary :  and  we  may  say  that  if  lines 
have  one  infinity  of  possible  change,  sur&oes  have  two.     As 
for  Volumes,  they  are  distinguished  fix>m  one  another  ovlj  by 
the  surfaces  whidi  bound  them;  so  that  they  partake  of  the 
variety  of  surfaces,  and  need  no  special  consideration  under 
this  head.    If  we  add  the  one  further  remark,  that  surfaces 
themselves  furnish  a  new  means  of  conceiving  of  new  curves, 
as  every  curve  may  be  regarded  as  produced  by  the  intersection 
of  two  surfaces,  we  shall  pcrcdve  that,  starting  from  a  narrow 
ground  of  obsmration,  we  can  obtain  an  aboolutdy  infinite 
variety  of  forms,  and  therefore  an  illimitable  field  for  geome- 
trical sdenoe. 

Tlie  connection  between  abstract  and  concrete   propertiee  of 
geometry  is  established  by  the  study  of  the  pro-   linei  and  tor- 
periies  of  lines  and  surfaces.    Without  multiply-   ^**^ 
iug  in  this  way  our  means  of  recognition,  we  should  not 
know,  axcept  by  acddent,  how  to  find  in  nature  the  figure  we 
desire  to  verify.    Astronomy  was  recreated  by  Kepler's  disco- 
ver}' that  the  ellipse  was  the  curve  which  the  planets  describe 
about  the  sun,  and  the  satellites  about  their  planet.    This  dis- 
covery could  never  have  been  made  if  geometers  had  known 
no  moi*e  of  the  ellipse  than  as  the  oblique  section  of  a  circular 
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cone  by  a  plane.  All  the  properties  of  the  oonic  sections 
brought  out  by  the  specnlative  labours  of  the  Greek  geometers, 
were  needed  as  preparation  for  this  discovery,  that  Kepler 
might  select  from  them  the  characteristic  which  was  the  true 
key  to  the  planetary  orbit.  In  the  same  way,  the  spherical 
figure  of  the  earth  could  not  have  been  discovered  if  the  primi- 
tive character  of  the  sphere  had  been  the  only  one  known ; — 
viz.  the  equidistance  of  all  its  points  from  an  interior  point. 
Certain  properties  of  surfaces  were  the  means  used  for  con- 
necting the  abstract  reasoning  with  the  concrete  fact.  And 
others,  again,  were  required  to  prove  that  the  earth  is  not  ab- 
solutely spherical,  and  how  much  other\«ise.  The  pursuit  of 
these  labours  does  not  interfere  vriHi  the  definition  of  Geome- 
try given  above,  as  they  tend  indirectly  to  the  measurement 
of  extension.  Tlie  great  body  of  geometrical  researches  re- 
lates to  the  properties  of  lines  and  surfaces ;  and  the  study 
of  the  properties  of  the  same  figure  is  so  extensive,  that  the 
labours  of  geometers  for  twenty  centuries  have  not  exhattetcd 
the  study  of  conic  sections.  Since  the  time  of  Descartes,  it 
has  become  less  important ;  but  it  appears  as  far  as  ever  fix>m 
being  finished.  And  here  opens  another  infinity.  We  had 
before  the  infinite  scope  of  lines,  and  the  double  infinity  of 
surfaces :  and  now  we  see  that  not  only  is  the  variety  of  figures 
inexhaustible,  but  also  the  diversity  of  the  points  of  new  from 
which  each  figure  may  be  regarded. 

There  are  two  general  Methods  of  treating 
MrthoST**  geometrical  questions.  These  are  commonly 
called  Synthetical  Geometry  and  Analytical  Geo- 
metry. I  shall  preier  the  historical  titles  of  Geometry  of 
the  Ancients  and  Geometry  of  the  Modems.  But  it  is,  in 
my  view,  better  still  to  call  them  Special  Geometry  and 
General  Geometry,  by  which  their  nature  is  most  accurately 
conveyed. 

8peciia  or  ^®  Calculus  was  not,  as  some  suppose,  un- 

ancM-Df.and  known  to  the  ancients,  as  we  perceive  by  their 
m^!^L  gL*.  *^Pplica*io^8  of  the  theory  of  proportions.  Tlic 
,„^  difference  between  them  and  us  is  not  so  much 

in  the  instrument  of  deduction  as  in  the  nature 
of  the  questions  considered.  Tlie  ancients  studied  geometry 
with  reference  to  the  bodies  under  notice,  or  specially :  the 
modems  study  it  with  reference  to  the  phenomena  to  lie  con- 
sidered, or  generally.    The  ancients  extracted  all  they  could 
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out  of  one  line  or  surface,  before  passing  to  another;  and 
each  inquiry  gave  little  or  no  assistance  in  the  next.  The 
moderns,  since  Descartes,  employ* themselves  on  questions 
ivhich  relate  to  any  figure  \rhatcver.  They  abstract,  to  treat 
by  itself,  every  question  relating  to  the  same  geometrical 
phenomenon,  in  whatever  bodies  it  may  be  considot^.  Geo- 
meters can  thus  rise  to  the  study  of  new  geometrical  con- 
ceptions, which,  applied  to  the  curves  investigated  by  the 
ancients,  have  brought  out  new  properties  never  suspected  by 
them.  The  superiority  of  the  modern  method  is  obvious  at  a 
glance.  The  time  formerly  spent,  and  the  sagacity  and  cflTort 
employed,  in  the  path  of  detail,  are  inconceivably  economized 
by  the  general  method  used  since  the  great  re\'olution  under 
Descartes.  The  benefit  to  Concrete  Geometry  is  no  less  than 
to  the  Abstract;  for  the  recognition  of  geometrical  figures  in 
nature  was  merely  embarrassed  by  the  study  of  lines  in  detail; 
and  the  application  of  the  contemplated  figure  to  the  existing 
body  could  be  only  accidental,  and  within  a  limited  or  doubt- 
ful range :  whereas,  by  the  general  method,  no  existing  figure 
can  escape  application  to  its  true  theory,  as  soon  as  its  geo- 
metrical features  are  ascertained.  Still,  the  ancient  method 
was  natural ;  and  it  was  necessary  that  it  should  precede  the 
modem.  The  experience  of  the  ancients,  and  the  materials 
they  accumulated  by  their  special  method,  were  indispensable 
to  suggest  the  conception  of  Descartes,  and  to  furnish  a  basis 
for  the  general  procedure.  It  is  evident  that  the  Calculus 
cannot  originate  any  science.  Equations  must  exist  as  a 
starting-point  for  analytical  operations.  No  other  beginning 
can  be  made  than  the  direct  study  of  the  object,  pursued  up 
to  the  point  of  the  discovery  of  precise  relations. 

We  must  briefly  sun'cy  the  geometry  of  the 
tuTimdrau.  ^ncicnts,  in  its  character  of  an  indispensable  in- 
troduction to  that  of  the  modems.  The  one, 
special  and  preliminary,  must  have  its  relation  made  clear  to 
the  other, — the  general  and  definitive  geometry,  which  now 
constitutes  the  science  that  goes  by  that  name. 

We  have  seen  that  Geometry  is  a  science  founded  upon  ob- 
servation, though  the  materials  furnished  by  obscnation  are  few 
and  simple,  and  the  structure  of  rcasonmg  erected  upon  them 
vast  and  complex.  The  only  elementarv  materials,  obtainable 
by  du'cct  study  alone,  are  those  which  i*eiate  to  the  right  line  for 
the  geometry  of  lifies;  to  the  quadrature  of  i-cctilinear  plane 
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areas;  and  to  tbecrtcAa/ttre  of  bodies  terminated  by  plane  faces. 
The  banning  of  geometry  most  be  firom  the  observation  of 
lines,  of  flat  surfaces  angularly  bounded,  and  of  bodies  which 
have  more  or  less  bulk,  also  angularly  bounded.  These  are  all ; 
for  all  other  figures,  even  the  circle,  and  the  figures  belonging 
to  it,  novr  come  under  the  head  of  analytical  geometry.  The 
three  elements  just  mentioned  allow  a  sufficiency  of  equations 
for  the  calculus  to  proceed  upon.  More  are  not  needed ;  and 
we  cannot  do  with  less.  Some  have  endeavoured  to  extend 
analysis  so  as  to  dispense  with  a  portion  of  these  facts :  but  to 
do  so  is  merely  to  return  to  metaphysical  practices,  in  pre- 
senting actual  facts  as  logical  abstractions.  The  more  we  per- 
ceive Geometry  to  be,  in  our  day,  essentially  analytical,  the 
more  careful  we  must  be  not  to  lose  sight  of  the  basis  of  ob- 
servation on  which  all  geometrical  science  is  founded.  When 
we  observe  people  attempting  to  demonstrate  axioms  and  the 
like,  we  may  avow  that  is  better  to  admit  more  than  may  be 
quite  necessarv  of  materials  derived  from  observation,  than  to 
carry  lo^cal  aemonstration  into  a  r^on  where  direct  obser- 
vation will  serve  us  better. 

There  are  two  ways  of  studying  the  right  line 
Gwnwta7oftlie_^j^g  graphic  and  the  algebraic.  The  thing  to 
^^  be  done  is  to  ascertain,  by  means  of  one  another, 

the  different  elements  of  any  right  hne  whatever,  so  as  to 
miderstand,  indirectly,  a  right  line,  under  any  circumstances 
whatever.  The  way  to  do  this  is,  first,  to  study 
22SwM?  ^®  figure,  by  constructinff  it,  or  otherwise  di- 
rectly investigating  it;  and  then,  to  reason  firom 
that  observation.  The  ancients,  in  the  early  days  of  the  science, 
made  great  use  of  the  graphic  method,  even  in  the  form  of 
Construction;  as  when  Anstarchus  of  Samos  estimated  the 
distance  of  the  sun  and  moon  from  the  earth  on  a  triangle 
constructed  as  nearly  as  possible  in  resemblance  to  the  right- 
angled  triangle  formed  by  the  throe  bodies  at  the  instant 
when  the  moon  is  in  quadrature,  and  when  therefore  an  obser- 
vation of  the  angle  at  the  earth  would  define  the  triangle. 
Archimedes  himsdf,  though  he  was  the  first  to  introduce  cal- 
culated determinations  into  geometry,  firequently  used  the 
same  means.  The  introduction  of  trigonometry  lessened  the 
practice ;  but  did  not  abolish  it.  The  Greeks  and  Arabians 
employed  it  still  for  a  great  number  of  investigations  for 
which  we  now  consider  the  use  of  the  Calculus  indispensable. 
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'\Miile  the  graphic  or  constructive  method  answers  wdl  when 
all  the  parts  of  the  proposed  figure  lie  in  the  same  plane,  it 
must  receive  additions  before  it  can  be  applied  to  figures  whose 
parts  lie  in  different  planes.  Hence  arises  a  new  scries  <A 
considerations,  and  different  systems  of  Projection».  Where 
we  now  employ  spherical  trigonometry,  especially  for  problems 
relating  to  the  odbstial  sphere,  the  ancients  had  to  consider 
how  they  could  replace  constructions  in  relief  by  plane  con- 
structions. Tliis  was  the  object  of  their  analemmas,  and  of  the 
other  plane  figures  which  long  supplied  the  place  of  the  Cal- 
culus. They  were  acquainted  with  the  elements  of  what  we 
call  Descriptive  Geometry,  though  they  did  not  conceive  of  it 
in  a  distinct  and  general  manner. 

Digressing  here  for  a  moment  into  the  region 
of  appUcation,  I  may  observe  that  Descriptive  Soo^tnT 
Geometry,  formed  into  a  distinct  system  by  ""*™^*^* 
Alonge,  practically  meets  the  difficulty  just  stated,  but  does 
not  warrant  the  expectations  of  its  firat  admirers,  that  it 
would  enlarge  the  domain  of  rational  geometiy.  Its  grand 
use  is  in  its  application  to  the  industrial  arts ; — ^its  few  abstract 
problems,  capable  of  invariable  solution,  relating  essentially 
to  the  contacts  and  intersections  of  siufaces;  so  that  all  the 
geometrical  questions  which  may  arise  in  any  of  the  various 
arts  of  construction, — as  stone-cutting,  carpentry,  perspccti\-e^ 
dialling,  foitification,  etc.,^ — can  always  be  treated  as  simple  in- 
dindual  cases  of  a  single  theory,  the  solution  being  certainly 
obtainable  through  the  particular  circumstances  of  each  case. 
This  creation  must  be  very  important  in  the  eyes  of  philoso- 
phers who  think  that  all  human  achievement,  thus  fiur,  is  only 
a  first  step  towards  a  philosophical  renovation  dT  the  labours 
of  mankind ;  towards  that  precision  and  logical  character 
which  can  alone  ensure  the  futture  progression  of  all  arts. 
Such  a  revolution  must  inevitably  begin  with  that  class  of  arts 
which  bears  a  relation  to  the  simplest,  the  most  perfect,  and 
the  most  ancient  of  the  sciences.  It  must  extend^  in  time, 
though  less  readily,  to  all  other  industrial  operations.  Monge, 
who  miderstood  the  philosophy  of  the  arts  better  than  any 
one  else,  himself  indeed  endeavoured  to  sketch  out  a  philoso- 
phical system  of  mechanical  arts,  and  at  least  succeeded  in 
pointing  out  the  direction  in  which  the  object  must  be  pur- 
sued. Of  Descriptive  Geometry,  it  may  further  be  said  that 
it  usefully  exercises  the  students'  faculty  of  Imagination,— of 
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oonociving  of  complicated  geometrical  combinations  in  space ; 
and  that^  while  it  belongs  to  the  geometry  of  the  ancients  by 
the  character  of  its  solutions,  it  approaches  to  the  geometry 
of  the  modems  by  the  nature  of  the  questions  which  compose 
it.  Consisting,  as  we  have  said,  of  a  few  abstract  problems, 
obtained  through  Projections,  and  relating  to  the  contacts  and 
intersections  of  surfaces,  the  invariable  solutions  of  these 
problems  are  at  once  graphical,  like  those  of  the  ancients,  and 
genera],  like  those  of  the  modems.  Yet,  as  destined  to  an 
industrial  application,  Descriptive  Geometry  has  here  been 
treated  of  only  in  the  way  of  digression.  Leaving  the  subject 
of  graphic  solution,  we  have  to  notice  the  other  branch, — 
the  algebraic. 

Some  may  wonder  that  this  branch  is  not 
jOj^icsola-  treated  as  belonging  to  General  Geometry.  But, 
not  only  were  the  ancients,  in  fact,  the  inventors 
of  trigonometry, — spherical  as  well  as  rectilinear, — though  it 
necessarily  remained  imperfect  in  their  hands;  but  algebraic 
solutions  are  also  no  part  of  analytical  geometry,  but  only  a 
complement  of  elementary  geometry. 

Since  all  right-lined  figures  can  be  decomposed  into  trian- 
gles, all  that  we  want  is  to  be  able  to  determine  the  differcnt 
elements  of  a  triangle  by  means  of  one  another.    This  re- 
duces polygonometry  to  simple  trigonometry. 
«,^^^  The  difficulty  lies  in  forming  three  distinct 

^*"*^'"  ^'  equations  between  the  angles  and  the  sides  of 
a  triangle.  These  equations  beiiig  obtained,  all  trigonometri- 
cal problems  are  reduced  to  mere  questions  of  analysis. — 
There  are  two  methods  of  introducing  the  angles  into  the  cal- 
culation. They  are  cither  introduced  directly ^  by  themselves 
or  by  the  circular  arcs  which  are  proportioned  to  them :  or 
they  are  introduced  indirectly,  by  the  chords  of  these  arcs, 
which  are  hence  called  their  trigonometrical  lines.  The  second 
of  these  methods  was  the  first  adopted,  because  the  early  state 
of  knowledge  admitted  of  its  working,  while  it  did  not  admit 
the  establishment  of  equations  between  the  sides  of  the  tri- 
angles and  the  angles  themselves,  but  only  between  the  sides 
and  the  trigonometrical  lines. — ^The  method  wliich  employs 
the  trigonometrical  lines  is  still  preferred,  as  the  more  simple, 
the  equations  existing  only  between  right  lines,  instead  of  be- 
tween right  lines  and  arcs  of  circles. 

To  meet  the  probable  objection  that  it  is  rather  a  com- 
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plication  than  a  simplification  to  introduce  these  lines,  which 
have  at  last  to  be  eliminated^  we  must  explain  a  little. 

Tlicir  introduction  divides  trigonometry  into  two  parts.  In 
one,  we  pass  fram  the  angles  to  their  trigonometrical  lines,  or 
the  converse :  in  the  other  we  have  to  determine  the  sides  of 
the  triangles  by  the  trigonometi*ical  lines  of  their  angles,  or 
the  converse.  Now,  the  first  process  is  done  for  us,  once  for 
all,  by  the  formation  of  numerical  tables,  capable  of  use  in  all 
conceivable  questions.  It  is  only  the  second,  which  is  by  fiir 
the  least  laborious,  that  has  to  be  undertaken  in  each  indi- 
vidual case.  Tlie  fu*st  is  always  done  in  advance.  The  pro- 
cess may  be  compared  Tiith  the  theory  of  logaritiims,  by 
which  all  imaginable  arithmetical  operations  are  decomposed 
into  two  parts — ^the  first  and  most  difficult  of  which  is  done 
in  advance. 

We  must  remember,  too,  in  considering  the  position  of  the 
ancients,  the  remarkable  fact  that  the  determination  of  angles 
by  their  trigonometrical  lines,  and  the  converse  admits  of  an 
arithmetical  solution,  without  the  previous  resolution  of  the 
corresponding  algebraic  question.  But  for  this,  the  ancients 
could  not  have  obtained  trigonometry.  When  Archimedes 
was  at  work  upon  the  rectification  of  the  circle,  tables  of 
chords  were  prepared :  from  his  labours  resulted  the  determi- 
nation of  a  certain  series  of  chords :  and,  when  Hipparchus 
afterwards  invented  trigonometry,  he  had  only  to  complete 
that  operation  b^  suitable  intercalations.  The  connection  of 
ideas  is  here  easdy  recognized. 

For  the  same  reasons  which  lead  us  to  the  employment  of 
these  lines,  we  must  employ  several  at  once,  instead  of  confin- 
ing ourselves  to  one,  as  the  ancients  did.  The  Arabians,  and 
after  them  the  modems,  attained  to  only  four  or  five  direct 
trigonometrical  lines  altogether;  whereas  it  is  clear  that  the 
number  is  not  limited.— Instead,  however,  of  plunging  into 
deep  compUcations,  in  obtaining  new  direct  lines,  we  create 
indirect  ones.  Instead,  for  instance,  of  directly  and  necessa- 
rily determining  the  sine  of  an  angle,  we  may  determine  the 
sine  of  its  half,  or  of  its  double, — taking  any  Une  relating  to 
an  arc  which  is  a  very  simple  function  of  the  first.  Thus,  we 
may  say  that  the  num1)er  of  trigonometric^  lines  actually  em- 
ployed  by  modem  geometers  is  unlimited  tlurough  the  aug- 
mentations we  may  obtain  by  analysis.  Special  names  have, 
however,  been  given  to  those  indirect  lines  only  which  refer 
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to  the  complement  of  the  primitive  arc^ — others  beiiig  in 
much  less  fi^quent  use. 

Out  of  this  device  arises  a  third  section  of  trigonometrical 
knowledge.  Ha\ing  introduced  a  new  set  of  lines^— of  aux- 
iliary magnitudes — ^we  have  to  determine  their  relation  to  the 
first.  And  this  study,  though  preparatory,  is  indefinite  in  its 
soqpe,  while  the  two  other  departments  are  strictly  limited. 

The  three  must,  of  course,  be  studied  in  just  the  reverse 
order  to  that  in  which  it  has  been  necessary  to  exhibit  them. 
Krst,  the  student  must  know  the  relations  between  the  indi- 
rect and  direct  trigonometrical  lines:  and  the  resolution  of 
triangle^  properly  so  called,  is  the  last  process. 

Spherical  trigonometry  requires  no  special  notice  here,  (all- 
important  as  it  is  by  its  uses,) — since  it  is,  in  our  day,  simply 
an  application  of  rectilinear  trigonometiy,  through  the  sul)- 
stitution  of  the  corresponding  trihedral  angle  for  the  spheri- 
cal triangle. 

This  view  of  the  philosophy  of  trigonometry  has  been  given 
chiefly  to  show  how  the  most  simple  questions  of  dementaiy 
geometry  exhibit  a  dose  dependence  and  regular  ramification. 

Thus  have  we  seen  what  is  the  peculiar  character  of  Spedal 
Geometry,  strictly  considered.  We  see  that  it  constitutes  an 
indispensable  basis  to  General  Geometry.  Next,  we  have  to 
study  the  philosophical  character  of  the  true  sdence  of  Geo- 
metiT,  beginning  with  the  great  original  idea  of  Descartes, 
on  whidi  it  is  whoUy  founddl. 

Modern^  or  Analytical  Geometry. 

Greneral  or  Analytical  Geometry  is  founded  upon  the  trans- 
formation of  geometrical  considerations  into  equivalent  analy- 
tical considerations.  Descartes  established  the  constant  possi- 
bility of  doing  this  in  a  uniform  manner :  and  his  beautiful 
conception  is  interesting,  not  only  from  its  carrying  on  geo- 
metrical sdence  to  a  logical  perfection,  but  from  its  showing 
us  how  to  organize  the  relations  of  the  abstract  to  the  con- 
crete in  Madicmatics  by  the  analytical  representation  of  na- 
tural phenomena. 

Amljtkiil  !••  '"^^  ^*  thing  to  be  done  is  e\idcntly  to  find 
nKieiitatkmof  and  fix  a  method  for  expressing  analytically  the 
flgurct.  subjects  which  afford  the  phenomena.  If  we  can 

regard  lines  and  surfaces  analytically,  we  can  so  regard, 
henceforth,  the  accidents  of  these  subiecte. 
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He.*e  occurs  the  difficulty  of  reducmg  all  geometrical  ideas 
to  tliose  of  number :  of  substituting  considerations  of  quan- 
tity for  all  considerations  of  quality. — ^In  dealing  ndth  this 
difficulty,  vre  must  observe  that  all  geometrical  ideas  come 
under  three  heads : — ^the  viagnitude,  the  figttrey 
and  the  position  of  the  extensions  in  question.  ^^  <^ 
The  relation  of  the  first,  magnitude,  to  numbers  is  immediate 
and  evident:  and  the  other  two  are  easily  brought  into  one; 
for  the  figure  of  a  body  is  nothing  else  than  the  natural  posi- 
tion of  the  points  of  which  it  is  composed :  and  its  position 
cannot  be  conceived  of  irrespective  of*  its  figure.  We  have 
therefore  only  to  establish  the  one  relation  between  ideas  of 
position  and  ideas  of  magnitude.  It  is  upon  this  that  Des- 
cartes has  established  the  system  of  General  Geometry. 

The  method  is  simply  a  carrying  out  of  an  operation  which 
is  natural  to  all  minds.  If  we  wish  to  indicate  the  situation 
of  an  object  which  we  cannot  point  out,  we  say  how  it  is  re- 
lated to  objects  that  are  known,  by  assigning  the  magnitude 
of  the  different  geometrical  elements  which  connect  it  with 
known  objects. 

Those  elements  are  what  Descartes,  and  all  other  geometers 
after  him,  have  called  the  co-ordinates  of  the  point  considered. 
If  we  know  in  what  plane  the  point  is  situated,  the  co-ordi- 
nates are  two.  If  the  point  may  be  anywhere  in  space,  the 
co-ordinates  cannot  be  less  than  three.  They  may  be  mul- 
tiplied without  limit :  but  whether  few  or  many,  the  ideas  of 
position  will  have  been  reduced  to  those  of  magnitude,  so  that 
we  shall  represent  the  displacement  of  a  point  as  produced  by 
pure  numerical  variations  in  the  values  of  its  co-ordinates. — 
Tlie  simplest  case  of  all,  that  of  plane  geometry,  is  when  we 
determine  the  position  of  a  point  on  a  plane  by  considering 
its  distances  from  two  fixed  right  lines,  supposed  to  be  known, 
and  genei*al]y  concluded  to  be  perpendicular  to  each  other. 
Tbcse  are  called  axes.  Next,  there  may  be  the  less  simple 
process  of  determining  the  position  by  the  distances  from  two 
fixed  points ;  and  so  on  to  greater  and  greater  complications. 
But,  from  some  system  or  other  of  co-ordinates  being  always 
employed,  the  question  of  position  is  always  reduced  to  that 
of  magnitude. 

It  is  clear  that  our  only  way  of  marking  the 
position  of  a  point  is  by  the  intersection  of  two   J^J"^"  ^  * 
lines.     When  the  point  is  determined  by  the  in-   ^*^ ' 
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tersection  of  two  right  lines^  each  paraUel  to  a  fixed  axis,  that 
is  the  system  of  rectilinear  co-ordinates^ — ^the  most  common 
of  alL  The  polar  system  of  co-ordinates  exhibits  the  point 
by  the  travcllmg  of  a  right  line  round  a  fixed  centre  of  a  cbr- 
de  of  variable  radius.  Again,  two  circles  may  intersect,  or 
any  other  two  lines :  so  that  to  assign  the  value  of  a  co-ordi- 
nate is  the  same  thing  as  to  determine  the  line  on  which  the 
point  must  be  situated.  The  ancient  geometers,  of  course, 
were  like  ourselves  in  this  necessary  metiiod  of  conceiving  of 
position :  and  their  geometrical  loci  were  founded  upon  it.  It 
was  in  endeavouring  to  form  the  process  into  a  general  sy- 
stem that  Descartes  created  Analytical  Geometry. — Seeing, 
as  we  now  do,  how  ideas  of  position, — and,  through  them, 
all  elementary  geometrical  ideas, — can  be  reduced  to  ideas  of 
number,  we  leam  what  it  was  that  he  effected. 

Descartes  treated  only  geometry  of  two  di- 
Hane  Cuiret.  m^ugj^j^g  ^a  his  analyticfJ  method :  and  we  i*t11 
at  first  consider  only  this  kind,  beginning  with  Plane  Curves. 
STOKMionof  Lines  must  be  expressed  by  equations:  and 
lines  by  Equa-  again,  equations  must  be  expressed  by  lines, 
^""^  when  the  relation  of  geometrical  conceptions  to 

numbers  is  established. — It  comes  to  die  same  thing  whether 
we  define  a  line  by  any  one  of  its  properties,  or  supply  the 
corresponding  equation  between  the  two  variable  co-ordmates 
of  the  point  which  describes  the  line.  If  a  point  describes  a 
certain  line  on  a  plane,  we  know  that  its  co-ordinates  bear  a 
fixed  relation  to  each  other,  which  may  be  expressed  by  an 
appropriate  equation.  If  the  point  describes  no  certain  line, 
its  co-ordinates  must  be  two  variables  independent  of  each 
other.  Its  situation  in  the  latter  case  can  be  determined  onlv 
by  gi\ing  at  once  its  two  co-ordinates,  independently  of  each 
other :  whereas,  in  the  former  case,  a  sinrie  co-ordmate  suf- 
fices to  fix  its  position.  The  second  co-orainate  is  then  a  de- 
terminate function  of  the  first ; — ^that  is,  there  exists  between 
them  a  certain  equation  of  a  nature  corresponding  to  that 
of  the  line  on  which  the  point  is  to  be  founa.  The  co-ordi- 
nates of  the  point  each  require  it  to  be  on  a  certain  line :  and 
again,  its  bemg  on  a  certain  line  is  the  same  thing  as  assign- 
ing the  value  di  one  of  the  two  co-prdinates ;  which  is  then 
found  to  be  entirely  dependent  on  the  other.  Tlius  are  lines 
analytically  cxpreued  by  equations. 


GEOMETET  OF  TWO  DIMENSIONS.  99 

By  a  converse  argument  may  be  seen  the  geo-  exjmwmoo  of 
metrical  necessity  of  representing  b]^  a  certain  eqiutions  bj 
line  every  equation  of  two  variabks,  in  a  deter-  ^^"^ 
minate  system  of  co-ordinates.  In  the  absence  of  any  other 
known  property,  such  a  relation  would  be  a  very  characteris- 
tic definition ;  and  its  scientific  effect  would  be  to  fix  the  at- 
tention immediately  upon  the  general  course  of  the  solutions 
of  the  equation,  which  will  thus  be  noted  in  the  most  striking 
and  simple  manner.  There  is  an  evident  and  vast  advantage 
in  this  picturing  of  equations,  which  reacts  strongly  upon  the 
perfecting  of  analysis  itsdf.  The  geometrical  locus  stands 
before  our  minds  as  the  representation  of  all  the  details  that 
have  gone  to  its  preparation,  and  thus  renders  comparatively 
easy  our  conception  of  new  general  analytical  \iews.  This 
method  has  become  entirely  elementary  in  our  day ;  and  it  is 
employed  when  we  want  to  get  a  clear  idea  of  the  general 
character  of  the  law  which  runs  through  a  scries  of  particular 
observations  of  any  kind  whatever. 

Recurring  to  the  representation  of  lines  by  eiu„ge  m  tlie 
equations,  which  is  our  chief  object,  we  see  that  line  dSan^ 
this  representation  is.  By  its  nature,  so  faithful,  *^  equation, 
that  the  line  could  not  undergo  any  modification,  even  the 
slightest,  without  causing  a  correqionding  change  in  the  equa- 
tion. Some  special  difficulties  arise  out  of  this  perfect  exact- 
ness; for  since,  in  our  system  of  analytical  geometry,. mere 
displacements  of  lines  affect  equations  as  much  as  real  varia- 
tions of  magnitude  or  form,  we  might  be  in  danger  of  con- 
founding the  one  with  the  other,  if  geometers  had  not  disco- 
vered an  ingenious  method  expressly  intended  to  distinguish 
them  always.  It  must  be  obsen'cd  that  general  inconveniences 
of  this  nature  appear  to  be  strictly  ine\itable  in  analytical 
geometry;  since,  ideas  of  position  being  the  only  geometrical 
ideas  immediately  reducible  to  numeri^  considerations,  and 
conceptions  of  form  not  being  referrible  to  them  but  by  see- 
ing in  them  relations  of  situation,  it  is  impossible  that  ana- 
lysis should  not  at  first  confound  phenomena  of  form  with 
simple  phenomena  of  position ;  which  are  the  only  ones  that 
equations  express  directly. 

To  complete  our  description  of  the  basis  of  ETojaelbii- 
analytical  geometry,  it  is  necessary  to  point  out   lion  of  a  ima 
that  not  oiJy  must  every  defined  line  give  rise  to   "  ^  equation, 
a  certain  equation  between  the  two  oo-ordinates  of  any  one  of 
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its  points,  but  every  definition  of  a  line  is  itself  an  equation 
of  tliat  line  in  a  suitable  system  of  co-ordinates. 

Considering,  first,  what  a  definition  is,  ire  say  it  must  dis- 
tinguish the  defined  object  from  all  others,  by  assigning  to  it 
a  property  \rhich  belongs  to  it  alone.  But  this  property  may 
not  msdose  the  mode  of  generation  of  the  object,  in  \rhich 
case  the  definition  is  merely  characteristic ;  or  it  mav  express 
one  of  its  modes  of  generation,  and  in  that  case  the  definition 
is  explanatory.  For  instance,  if  we  say  that  the  circle  is  the 
line  which  in  the  same  form  contains  the  largest  area,  we  oficr 
a  characteristic  definition ;  whereas  if  we  choose  its  property 
of  having  all  its  points  equally  distant  from  a  fixed  point,  we 
have  an  explanatory  definition.  It  is  dear  moreover  that  the 
characteristic  definition  always  leaves  room  for  an  explanatory 
one,  which  further  study  must  disclose. 

It  is  to  explanatory  definitions  only  that  what  has  been  said 

of  the  definition  of  a  line  being  an  equation  of  that  line  can 

apply.    We  cannot  define  the  generation  of  a  line  without 

specifying  a  certain  relation  between  the  two  simple  motions, 

'  of  translation  or  of  rotation,  into  which  the  motion  of  the 

?oint  which  describes  it  will  be  decomposed  at  each  moment, 
fow,  if  we  form  the  most  general  conception  of  what  a 
system  of  co-ordinates  is,  and  if  we  admit  all  possible  systems, 
it  is  dear  that  such  a  relation  can  be  nothing  else  than  the 
equation  of  the  proposed  line,  in  a  system  of  co-ordinates  of 
a  corresponding  nature  to  that  of  the  mode  of  generation 
considered ;  as  in  the  case  of  the  circle^  the  common  defini- 
tion of  which  may  be  regarded  as  being  the  polar  equation 
of  that  curve,  takmg  the  centre  of  the  circle  for  the  pole. 

This  view  not  only  exhibits  the  necessary  representation  of 
every  line  by  an  equation,  but  it  indicates  the  general  diffi- 
culty which  occurs  in  the  establishment  of  these  equations, 
and  therefore  shows  us  how  to  proceed  in  inquiries  of  this 
kind  which,  by  their  nature,  do  not  admit  of  invariable  rules. 
Since  evcnr  explanatory  definition  of  a  line  constitutes  the 
equation  of  tliat  line,  it  is  dear  that  when  we  find  difficulty  in 
discovering  the  equation  of  a  cun'c  by  means  of  some  of  its 
characteristic  p-opcrtics,  the  difficulty  must  proceed  from  our 
taking  up  a  designated  system  of  co-ordinates,  instead  of  ad- 
mitting indificreutly  all  possible  sj'stcms.  These  systems  are 
not  all  equally  suitable ;  and,  in  regard  to  cur\*cs,  geometers 
tlunk  that  they  should  almost  always  be  referred,  as  far  as 
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pofisible^  to  rectilinear  co-ordinates.  Now,  these  particular 
co-ordinates  are  often  not  those  ^ith  reference  to  which  the 
equation  of  the  cun'e  irill  be  found  to  be  established  by  the 
proposed  definition.  It  is  in  a  certain  transformation  of  co-* 
ordinates  then  that  the  chief  difficulty  in  the  formation  of  the 
equation  of  a  line  really  consists.  The  view  I  have  given  does 
not  furnish  us  with  a  complete  and  certain  general  method  for 
the  establishment  of  these  equations ;  bnt  it  may  cast  a  useful 
light  on  the  course  which  it  is  best  to  pursue  to  attain  the  end 
proposed. 

The  choice  of  co-ordinates — ^the  preference  of 
that  system  which  may  be  most  suitable  to  the   ^l^gj^tet^ 
case — ^is  the  remaining  point  which  wc  have  to 
notice. 

Firsts  we  must  distinguish  very  carefully  the  two  views^  the 
converse  of  each  other^  which  belong  to  analytical  geometry, 
viz.  the  relation  of  algebra  to  geometry,  founded  on  the  re- 
presentation of  lines  by  equations,  and,  reciprocally,  the  rela- 
tion of  geometry  to  algebra,  founded  on  the  picturing  of  cqua- 
tions  by  lines.  Though  the  two  are  necessarily  combined  in 
every  investigation  of  general  geometry,  and  we  have  to  pass 
from  the  one  to  the  other  alternately,  and  almost  insensibly, 
we  must  be  able  to  separate  them  here,  for  the  answer  to  the 
question  of  method  which  we  are  considering  is  far  fixim  being 
the  same  under  the  two  relations :  so  that  without  this  distinc- 
tion we  could  not  foim  any  clear  idea  of  it. 

In  the  case  of  the  representation  of  lines  by  equations,  the 
first  object  is  to  choose  those  co-ordinates  which  afford  the 
greatest  simplicity  in  the  equation  of  each  line,  and  the 

Spatest  facility  in  arrinng  at  it.  There  can  be  no  constant  pre- 
erence  here  of  one  system  of  co-ordinates.  The  rectilinear 
system  itself,  though  oflen  advantageous,  cannot  be  always  so, 
and  may  be,  in  turn,  less  so  than  any  other.  But  it  is  far 
otherwise  in  the  converse  case  of  the  representation  of  equa- 
tions by  lines.  Here  the  rectilinear  system  is  always  to  be 
preferred,  as  the  most  simple  and  trustworthy.  If  we  seek  to 
determine  a  point  by  the  intersection  of  two  lines,  it  must  be 
best  that  those  lines  should  be  the  simj^lest  possible;  and  this 
confines  oiur  choice  to  the  rectilinear  system.  In  construct- 
ing geometrical  loci,  that  system  of  co-onlinates  must  be  the 
best  in  which  it  is  easiest  to  conceive  the  change  of  place  of  a 
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point  resulting  firom  the  change  in  the  value  of  its  co-ordi- 
nates;  and  this  is  the  case  ^th  the  rectilinear  system.  Again, 
there  is  great  advantage  in  the  common  usage  of  taking  the  two 
axes  perpendicular  to  each  other,  when  possible,  rather  than 
with  any  other  inclination.  In  representing  lines  by  equa- 
tions, we  must  take  any  inclination  of  the  axes  which  ma^ 
best  suit  the  particular  question;  but,  in  the  converse  case,  it 
is  easy  to  see  that  rectangular  axes  permit  us  to  represent 
equations  in  a  more  simple,  and  even  in  a  more  faithful  manner. 
For  if  we  extend  the  geometrical  locu$  of  the  equation  into 
the  several  unequal  r^ons  marked  out  by  oblique  axes,  we 
shall  have  differences  of  figure  which  do  not  correspond  to 
any  analytical  diversity ;  and  the  accuracy  of  the  representation 
win  be  lost 

On  tiie  whole  then,  taking  together  the  two  points  of  view 
of  analytical  geometiy,  the  ordinary  system  of  rectilinear  co- 
ordinates is  superior  to  any  other.  Its  high  aptitude  for  the 
representation  of  equations  must  make  it  senerally  preferred, 
though  a  less  pcarfect  system  may  answer  better  in  particular 
cases.  Hie  most  essential  theories  in  modem  geometry  are 
generally  expressed  by  the  rectilinear  system.  The  polar  sy- 
stem is  prcterred  next  to  it,  both  beoiuse  its  opposite  cha- 
racter enables  it  to  solve  in  the  simplest  way  the  equations 
which  are  too  complicated  for  management  under  the  first; 
and  because  polar  co-ordinates  have  often  the  advantage  of 
admitting  of  a  more  direct  and  natural  concrete  signification. 
This  is  tiie  case  in  Mechanics,  in  the  geometrical  questions 
arising  out  of  the  theory  of  circular  movement,  and  in  almost 
all  questions  of  celestial  seometiy. 

Such  was  the  field  of  &e  labours  of  Descartes,  his  concep- 
tion of  analytical  geometry  being  designed  only  for  the  study 
of  Plane  Curves.  It  was  Clairaut  who,  about  a  century  later, 
extended  it  to  the  study  of  Surfaces  and  Curves  of  double 
eun-ature.  The  conception  having  been  explained,  a  very 
brief  notice  will  suffice  for  the  rest. 

BetomiiwtMii  With  regard  to  Surfaces,  the  detenmnation  of 
of  a  point  in  a  point  in  space  rcouires  that  the  values  of  three 
^P*^  co-ordinates  should  be  assigned.      The  system 

generally  adopted,  whicli  corresponds  with  the  rectilinear  system 
of  plane  geometry,  is  that  of  distances  firom  the  point  to  three 
fixed  planes,  usually  perpendiailar  to  each  other,  whereby  the 
point  IS  presented  as  the  intersection  of  three  planes  whose 
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direction  is  inrariable.  Beyond  tUs^  there  is  the  same  infinite 
variety  among  possible  systems  of  co-ordinates,  that  there  is  in 
geometry  of  two  dimensions.  Instead  of  the  intersection  of  two 
lines,  it  must  be  that  of  three  surfaces  Trhich  determines  the 
point;  and  each  of  the  three  surfaces  has,  in  the  same  way, 
all  its  conditions  constant,  except  one,  which  gives  rise  to  the 
corresponding  co-ordinates,  whose  peculiar  geometrical  effect 
is  thus  to  compel  the  point  to  be  situated  upon  that  sur&ce. 
Again,  if  the  three  co-ordinates  of  a  point  are  mutually  inde- 
pendent, that  point  can  take  successively  all  possible  positions 
in  space;  but,  if  its  position  on  any  surface  is  defined,  two  co- 
ordinates suffice  for  determining  its  situation  at  any  moment; 
as  the  proposed  surface  will  take  the  place  of  the  condition 
imposed  by  the  third  co-ordinate.  This  last  co-ordinate  then 
becomes  a  determinate  function  of  the  two  others,  they  re- 
maining independent  of  each  other.  Thus,  there  will  be  a 
certain  equation  between  the  three  variable  co-ordinates  which 
will  be  permanent,  and  which  will  be  the  only  one,  in  order  to 
correspond  to  the  precise  d^ree  of  indetermination  in  the 
position  of  the  point. 

In  the  expression  of  Surfaces  by^  Equations,  ^^^  .^^^^^ 
and  again  in  the  expression  of  Equations  by  Sur-  of  SuHmm  hj 
faces,  the  same  conception  is  pursued  as  in  the  EqaationB,  and 
analytical  geometry  of  two  dimensions.     In  the  ^  S^^!^ 
first  case,  the  equation  will  be  the  analytical  ^  *™*^ 
definition  of  the  proposed  surface,  since  it  must  be  verified 
for  all  the  points  of  this  surface,  and  for  them  only.     K  the 
surface  undergoes  any  change,  the  equation  must,  as  in  the 
case  of  changing  lines,  be  modified  accordingly.    All  geo- 
metrical phenomena  relating  to  surfaces  may  be  translated  by 
certain  equivalent  analytical  conditions,  proper  to  equations 
of  three  variables :  and  it  is  in  the  estabushment  and  inter- 
pretation of  this  harmony  that  the  science  of  analytical  geo- 
metry of  three  dimensions  essentiaUy  consists.     In  the  second 
and  converse  case,  every  equation  of  three  variables  may,  in 
general,  be  represented  geometrically  by  a  determinate  suxlbce, 
defined  ly  the  characteristic  property  that  the  co-ordinates  of 
all  its  points  always  preserve  the  mutual  relation  exhibited  in 
this  equation. 

Thus  we  see  in  this  application  the  complement  of  the 
original  idea  of  Descartes :  and  it  is  enough  to  say  this,  as 
everv  one  can  extend  to  surfaces  the  other  considerations 
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which  have  heen  indicated  irith  regurd  to  lines.  I  will  only 
add  that  die  superiority  of  the  rectilinear  i^stem  of  co-ordi- 
nates heoomes  more  evident  in  analytical  geometry  of  three 
dimensions  than  in  that  of  two,  on  account  of  the  geometrical 
complication  which  would  follow  the  choice  of  any  other. 

In  determining  Curves  of  double  curvature, — 
2JJ[2J**^  which  is  the  last  elementary  point  of  view  of 
corrmtan.  analytical  geometry  of  three  dimensions^ — ^the 
same  principle  is  employed.  According  to  it,  it 
is  dear  that  when  a  point  is  required  to  be  situated  upon  some 
certain  curve,  a  single  co-ordmate  is  enough  to  determine 
its  position  completdy,  by  the  intersection  of  this  curve  with 
the  sur&ce  resulting  firom  this  co-ordinate.  The  two  other 
co-ordinates  of  the  point  must  thus  be  regarded  as  functions 
necessarily  determinate,  and  distinct  fix>m  the  first.  Conse- 
quently, every  line,  considered  in  space,  is  represented  analy- 
ticaUy  no  longer  by  a  single  equation,  but  by  a  system  of  two 
equations  be^een  the  three  co-ordinates  of  any  one  of  its 
points.  It  is  evident,  indeed,  from  another  point  of  view, 
that  the  equations  which,  considered  separately,  express  a 
certain  surface,  must  in  combination  present  the  line  sought 
as  the  intersection  of  two  determinate  surfaces.  As  for  the 
difiBculty  occasioned  by  the  infinity  of  the  number  of  couples 
of  equations,  through  the  infinity  of  couples  of  surfaces  which 
can  enter  the  same  system  of  co-ordinates,  and  by  which  the 
line  sousht  may  be  hidden  under  endless  aj^ebraical  disguises, 
it  must  be  got  rid  of  by  giving  up  the  facilities  resulting  firom 
such  a  variety  of  geometrical  constructions.  It  is  sufficient 
in  bctg  to  obtain  from  the  analytical  system  established  for  a 
certain  line,  the  system  corresponding  to  a  single  couple  of 
surfaces  uniformly  generated,  and  which  will  not  vary  except 
when  the  line  itself  shall  change.  Such  is  a  natural  use  of 
this  kind  of  geometrical  combination,  which  thus  afibrds  us  a 
certain  means  of  recognizing  the  identity  of  lines  in  spite  of  the 
extensive  diversity  of  their  equations. 

ImpcrTcctioiis  Analytical  Geometry  still  presents  some  im- 
of  Analytical  perfections  on  the  side  both  of  geometry  and  of 
Q^ouu^,        analysis. 

In  regard  to  Geometry,  the  equations  can  as  yet  represent 
only  entire  geometrical  loci,  and  not  determinate  portions  of 
those  loci.  Yet  it  is  necessary,  occasionally,  to  oe  able  to 
express  analytically  a  part  of  a*  line  or  surface,  or  even  a  dis* 
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continuous  line  or  surface,  composed  of  a  series  of  sections 
belonging  to  distinct  geometrical  figures.  Some  progress  has 
been  made  in  supplying  means  for  this  purpose,  to  \rhich  our 
analytical  geometry  is  inapplicable;  but  the  method  intro- 
duced by  M.  Fourier,  in  his  labours  on  discontinuous  func- 
tions, is  too  complicated  to  be  at  present  introduced  into  our 
established  system. 

In  regard  to  analysis,  we  are  so  far  firom  hav- 
ing a  complete  command  of  analytical  geometry,  orSSSST** 
that  we  cannot  furnish  anything  like  an  adequate 
geometrical  representation  of  analytical  processes.  This  is 
not  an  imperfection  in  science,  but  inherent  in  the  very  na- 
ture of  the  subject.  As  Analysis  is  much  more  general  than 
geometry,  it  is  of  course  impossible  to  find  among  geometrical 
phenomena  a  concrete  representation  of  all  the  laws  expressed 
by  analysis :  but  there  is  another  e\il  which  is  due  to  our  own 
imperfect  conceptions ;  that,  in  our  representations  of  equa- 
tions of  two  or  of  thit^  variables  by  lines  or  surfaces,  we  re- 
gard only  the  real  solutions  of  equations,  without  noticing  any 
imaginary  ones.  Yet  these  last  should,  in  their  general  course, 
be  as  capable  of  representation  as  the  first.  Hence  the  graphic 
representation  of  the  equation  is  always  imperfect ;  and  it  fails 
altogether  when  the  equation  admits  of  only  imaginary  solu- 
tions. This  brings  after  it,  in  analytical  geometry  of  two  or 
three  dimensions,  many  inconveniences  of  less  consequence, 
arising  from  the  want  of  correspondence  between  various  ana- 
lytical modifications  and  any  geometrical  phenomena. 

We  have  now  seen  what  Analytical  Geometry  is.  By  this 
science  we  determine  what  is  the  analytical  expression  of  such 
or  such  a  geometrical  phenomenon  belonging  to  lines  or  sur- 
faces :  and,  reciprocally,  we  ascertain  the  geometrical  interpre- 
tation of  such  or  such  an  analytical  consideration.  It  would 
be  interesting  now  to  consider  the  most  important  general 
questions  which  would  exemplify  the  manner  in  which  geo- 
meters have  actually  established  this  beautiful  harmony :  but 
such  a  reriew  is  not  necessary  to  the  purpose  of  this  Work, 
and  would  occupy  too  much  space.  We  have  seen  what  is  the 
character  of  generality  and  simplicity  inherent  in  the  science 
of  Geometry.  We  must  now  proceed  to  ascertain  what  is  the 
true  philosophical  character  of  the  immense  and  more  com- 
plex sdence  of  Rational  Mechanics. 
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CHAPTER  IV. 

BAHOKAL  MBCHA5IGB. 

Ittnatwe.        MECHANICAL  plicnomeDa  are  by  their  nature 
more  particular,  more  complicated,  and  more 
concrete  than  geometrical  phenomena.    Therefore  thev  come 
after  geometry  in  our  survey ;  and  therefore  must  they  be 
pronounced  to  be  more  difiBcult  to  study,  and,  as  yet,  more 
imperfect.    G^metrical  questions  are  always  completely  in- 
dependent of  Mechanics,  while  mechanical   questions   are 
closely  involved  with  geometrical  considerations, — ^the  form 
of  bodies  necessarily  influendng  the  phenomena  of  motion 
and  equilibrium.    Ijie  simplest  change  in  the  form  of  a  body 
may  enhance  immeasurably  the  diffioilties  of  the  mechanical 
problem  relating  to  it,  as  we  see  in  the  question  of  the  mutual 
gravitation  of  two  bodies,  as  a  result  of  that  of  all  their  mole- 
cules ;  a  question  which  can  be  completely  resolved  only  by 
supponng  the  bodies  to  be  spherical ;  and  thus,  the  chief  diffi- 
cully  arises  out  of  the  geometrical  part  of  the  circumstances. 
Our  tendency  to  look  for  the  essences  of  things,  instead  of 
studying  concrete  facts,  enters  disastrously  into  the  study  of 
Mechanics.    We  found  something  of  it  in  geometry;  but  it 
appears  in  an  aggravated  form  in  Mechanics,  fix>m  the  greater 
complexity  of  the  science.    We  encounter  a  perpetual  oon- 
fimon  between  the  abstract  and  the  concrete  points  of  view; 
between  the  logical  and  the  physical;  between  the  artificial 
conceptions  necessary  to  help  us  to  general  laws  of  equili- 
brium and  motion,  and  the  natural  fiscts  furnished  hv  obser- 
vation, which  must  form  the  basis  of  the  science.     Grreat  as 
is  the  gain  of  applying  Mathematical  analysis  to  Mechanics, 
it  has  set  us  bade  in  some  respects.    The  tendency  to  a  priori 
suppositions,  drawn  by  us  from  analysis  where  Newton  wisely 
had  recourse  to  obscn^ation,  has  made  our  expositions  of  the 
science  less  clear  than  those  of  Newton's  days.     Inestimable 
as  mathematical  analysis  is  for  carrying  the  science  on  and, 
upwards,  there  must  first  be  a  basis  of  facts  to  employ  it  upon ;  \ 
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and  Laplace  and  others  were  therefore  wrong  in  attemnting  to 
prove  the  elementary  law  of  the  composition  of  forces  hj  ana- 
^cal  demonstration.  Even  if  the  science  pf .  Mechanics  could 
be  constructed  on  an  aiudytical  basis^  it  is  not  easy  to  see  how 
such  a  science  could  ever  be  appli^  to  the  actoal  study  of 
nature.  In  fact,  that  which  constitutes  the  realily  of  Me- 
chanics is  that  the  science  is  founded  on  some  genml  fiicts, 
furnished  by  observation,  of  which  we  can  give  no  explanation 
whatever.  Our  business  now  is  to  point  out  exactly  the  phi- 
losophical character  of  the  science,  distinguishing  the  absteact 
fix)m  the  concrete  point  of  view,  and  separating  the  eiqpeii- 
mental  department  firom  the  logicaL 

We  have  nothing  to  do  here  with  the  causes  or 
modes  of  production  of  motion,  but  only  with  the  ^**  «*»««*«• 
motion  itself.  Thus,  as  we  are  not  treating  of  Physics,  but  of. 
Mechanics,  Jorces  are  only  motions  produced  or  tending  to  be 
produced ;  and  two  forces  which  move  a  body  with  the  same 
velocity  in  the  same  direction  are  regarded  as  iaentical,  whether 
they  proceed  firom  muscular  contractions  in  an  anima]^  or  from 
a  gravitation  towards  a  centre,  or  fix>m  collision  with  another 
body,  or  firom  the  elasticity  of  a  fluid.  This  is  now  practically 
understood ;  but  we  hear  too  much  still  of  the  old  metaphy- 
sical language  about  forces,  and  the  like;  and  it  woula  be 
wise  to  suit  our  terms  to  our  positive  philosophy.       - 

The  business  of  Rational  ^f  echanics  is  to  de-  .  ^^ 
termine  how  a  given  body  will  be  affected  by  any  ^^9^^ 
different  forces  whatever,  acting  tc^cther,  when  we  know  what 
motion  would  be  produced  by  any  one  cf  them  acting  alone : 
or,  takins  it  the  other  way,  what  are  the  simple  motions  whose 
combination  would  occasion  a  known  compound  motion.  This 
statement  shows  precisely  what  are  the  data  and  what  the  un- 
known parts  of  every  mechanical  question.  The  sdenoe  has 
nothing  to  do  with  the  action  of  a  single  force ;  for  this  is,  by 
the  terms  of  the  statement,  supposed  to  be  known.  It  is 
concerned  solely  with  the  combination  of  forces,  whether  there 
results  firom  that  combination  a  motion  to  be  studied,  or  a 
state  of » equilibrium,  whose  conditions  have  to  be  described. 

The  two  general  questions,  the  one  direct,  the  other  inverse, 
^'hich  constitute  the  science,  are  equivalent  in  importance,  as 
regards  their  auplication.  Simple  motions  are  a  matter  of 
obscn-ation,  and  their  combined  operation  can  be  tmderstood 
only  tlurough  a  theory :  and  again,  the  compomid  result  bring 
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a  matter  of  obeervatioDy  tlie  simple  constitaent  motions  can 
be  ascertained  only  by  reasoning.    When  we  see  a  heavy  body 
falling  obliquely,  vre  know  what  would  be  its  two  simple  move- 
ments if  acted  upon  separateljr  by  the  forces  to  which  it  is 
subject, — ^the  direction  and  uniform  velocity  which  would  be 
caused  by  the  impulsion  alone;  and  again,  the  acceleration  of 
the  vertical  motion  by  its  weight  alone.     The  problem  is  to 
discover  thence  the  different  circumstances  of  the  compound 
movement  produced  by  the  combination  of  the  two, — ^to  de- 
termine the  path  of  fiie  body,  its  velocity  at  each  moment, 
the  time  occupied  in  fidling;  aud  we  might  add  to  the  two 
given  forces  the  resistance  of  the  medium,  if  its  law  was 
known.    The  best  example  of  the  inverse  problem  is  found  in 
celestial  mechanics,  where  we  have  to  determine  the  forces 
which  carry  the  planets  round  the  sun,  and  the  satellites  round 
the  planets.    We  know  immediately  only  the  compound  move- 
ment :  Kepler's  laws  give  us  the  characteristics  of  the  move- 
ment; and  then  we  have  to  go  back  to  the  elementary  forces 
by  which  the  heavenly  bodies  are  supposed  to  be  impelled,  to 
correspond  with  the  observed  result :  and  these  forces  once 
understood,  the  converse  of  the  question  can  be  managed  by 
geometers,  who  could  never  have  mastered  it  in  any  other  way. 
Sach  being  the  destination  of  Mechanics,  we  must  now 
notice  its  fundamental  principles^  after  clearing  the  ground  by 
a  preparatory  observation* 

In  ancient  times,  men  conceived  of  matter  as 
^■^JpwS]  ^^^  passive  or  inert,— all  activity  being  pro- 
^^  duc^  by  some  external  agency,— either  of  su- 
pematural  beings  or  some  metaphysical  entities.  Now  that 
science  enables  us  to  view  things  more  truly,  we  are  aware 
that  there  is  some  movement  or  activity,  more  or  less,  in  all 
bodies  whato'er.  The  difference  is  merely  of  degree  between 
what  men  call  brute  matter  and  animated  beings.  Moreover, 
science  shows  us  that  there  are  not  different  kmds  of  matter, 
but  that  the  elements  are  the  same  in  the  most  primitive  and 
the  most  highly  organized.  If  we  knew  of  any  substance 
which  had  nothing  but  weight,  we  could  not  deny  activity 
even  to  that ;  for  in  falling  it  is  as  active  as  the  globe  itself, — 
attracting  tlic  earth's  particles  prcciseljr  as  much  as  its  own 
imrticlcs  arc  attracted  by  the  earth.  Looking  through  the  whole 
range  of  substances,  up  to  those  of  the  highest  organization, 
wc  find  everywhere  a  spontaneous  activity,  vcxy  various,  and 
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at  most,  in  some  cases,  peculiar;  though  physiologists  aie 
more  and  more  disposed  to  regard  the  most  peculiar  as  a 
modification  of  antecedent  kinds.  Hotrevcr  this  may  be, 
it  would  be  purely  absurd  now  to  regard  any  portion  of  matter 
whatever  as  inert,  as  a  matter  of  fact,  or  imder  the  head  of 
Physics.  But  in  Mechanics  it  must  be  so  re- 
garded, because  we  cannot  establish  any  general  ^^S2^[^ 
proposition  upon  the  abstract  laws  of  equilibrium 
or  motion  without  putting  out  of  the  question  all  interference 
with  them  by  other  and  inherent  forces.  AVhat  we  have  to 
beware  of  is  mixing  up  this  logical  supposition  with  the  old 
notion  of  actual  inertia. 

As  for  how  this  is  to  be  done, — ^we  must  re-  YlOd  of  B»- 
membcr  what  has  been  just  said, — ^that  in  Me-  tional  Hedi»- 
chanics,  we  have  nothing  to  do  with  the  origin  ^^^ 
or  different  nature  of  forces ;  and  they  are  all  one  while  their 
mechanical  operation  is  uniform.  It  is  impossible  to  conceive 
of  any  substance  as  devoid  of  weight,  for  instance;  yet  geo- 
meters have  logically  to  treat  of  bodies  as  without  an  inherent 
power  of  attraction.  Tliey  treat  of  this  power  as  an  external 
force;  that  is,  it  is  to  them  simply  a  force;  and  it  does  not 
matter  to  them  whether  it  is  inherent  or  externsl, — ^whether  it 
is  attraction  or  impulsion, — ^while  it  is  the  fall  of  the  body 
tliat  they  have  to  study.  And  so  on,  through  the  whole  range 
of  properties  of  bodies.  AVhen  we  have  so  abstracted  natural 
properties,  in  our  logical  new,  as  to  have  before  us  an  unmixed 
case  of  the  action  of  certain  forces,  and  have  ascertained  their 
laws, — ^thcn  we  can  pass  fix>m  abstract  to  concrete  Mechanics, 
and  restore  to  bodies  their  natural  active  properties,  and  in- 
terpret their  action  by  what  we  have  learned  of  the  laws  of 
motion  and  equilibrium.  This  restoration  is  so  difficult  to 
effect, — ^the  transition  from  the  abstract  to  the  concrete  in 
Mechanics  is  so  difficult, — ^that,  while  its  theoretical  domain 
is  unbounded,  its  practical  application  is  singularly  limited. 
In  fact,  the  application  of  rational  mechanics  is  limited  (accu- 
rately speaking)  not  only  to  celestial  phenomena^  but  to  those 
of  our  own  solar  system.  One  would  suppose  that  the  single 
property  of  weight  was  manageable  enough;  and  that  of  a 
given  form  intelligible  enough:  but  there  are  such  complications 
of  physical  circumstances, — ^as  the  resistance  of  media,  friction, 
etc.,— even  if  bodies  are  conceived  of  as  in  a  fluid  state,  that, 
their  mechanical  phenomena  cannot  be  estimated  witii  any 
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accuracy.  And  when  we  proceed  to  dectrical  and  chemical^ 
and  espedally  to  physiolc^cal  phenomena^  we  are  yet  more 
baffled.  General  gravitation  affords  ns  the  only  simple  and 
determinate  law;  and  even  there  we  are  perplexed,  when  we 
come  to  r^ard  certain  secondary  actions.  It  may  be  doubted 
whether  questions  of  terrestrial  mechanics  will  ever  admit — 
restricted  as  oux  means  are— of  a  study  at  once  purely  ra- 
tional and  precisely  accordant  with  the  general  laws  of  abstract 
mechanics, — though  the  knowledge  of  these  laws,  primarily 
indispensablcy  may  often  lead  us  to  firequent  and  valuable  in- 
dications and  suggestionB. 

Bodies  being  supposed  inert,  the  general  facts, 
^n^raeUwi of    ^jp  j^j^^  ^  motion  to  which  they  are  subject,  are 
three;  all  results  of  observation. 

Ittwofmerttt.  '^'^  ^*  ^  *^*  ^^  discovered  by  Kepler, 
which  is  inaptly  called  the  law  of  inertia.  Accord- 
ing to  it,  all  motion  is  rectilinear  and  uniform ;  tiiat  is,  any 
body  impelled  by  a  single  force  will  move  in  a  right  Une,  and 
with  an  invariable  velocity.  Instead  of  resorting  to  the  old 
wajrs  of  pronouncing  or  imagining  why  it  must  be  so,  the 
Positive  Philosophy  instructs  us  to  recognize  the  simple  fact 
that  it  if  so;  that,  through  the  whole  range  of  nature,  bodies 
move  in  a  right  line,  and  with  a'  uniform  velocity,  when  im- 
pelled by  a  single  force. 

Law  of  con**  1^®  Bccond  law  wc  owc  to  Newton.  It  is  that 
htj  of  actum  of  the  constant  equality  of  action  and  reaction; 
and  raction.  that  is,  whenever  one  body  is  moved  by  another, 
the  reaction  is  such  that  the  second  loses  predsdy  as  much 
motion,  in  proportion  to  its  masses,  as  the  first  gains.  Whether 
the  movement  proceeds  firom  impulsion  or  attraction,  is,  of 
course,  of  no  consequence.  Newton  treated  this  genmd  fiict 
as  a  matter  of  observation,  and  most  geometers  have  done 
the  same ;  so  that  there  has  been  less  fruitless  search  into  the 
wky  with  regard  to  this  second  law  than  to  the  first. 
Jmw  of  co-ez-  '^^  third  fundamental  law  of  motion  involves 
istenoe  of  the  principle  of  the  independence  or  co-existence 
"*'**'*^  of  motions,  which  leads  immediately  to  what  is 

commonly  called  the  composition  of  forces.  Galileo  is,  strictiy 
speaking,  the  true  discoverer  of  this  law,  though  he  did  not 
regard  it  precisely  under  the  form  in  which  it  is  presented 
here : — ^that  any  motion  common  to  all  the  bodies  of  any  sy- 
stem whate^'cr  does  not  affect  the  particular  motions  of  these 
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bodies  with  regard  to  each  other;  which  motions  proceed  as 
if  the  system  were  motionless.     Speaking  strictly,  we  must 
conceive  that  all  the  points  of  the  sj^stem  describe  at  the  same 
time  parallel  and  equal  straight  Imes,  and  consider  that  this 
general  motion,  whatever  may  be  its  velocity  and  direction, 
will  not  aflTect  relative  motions.    No  i  priori  considerations 
can  enter  here.    There  is  no  seeing  why  the  fact  should  be 
so,  and  therefore  no  anticipating  that  it  would  be  so.    On 
the  contrary,  when  Galileo  stated  this  law,  he  was  assailed  by 
a  host  of  objoctbns  that  his  tact  was  logically  impossible. 
Philosophers  were  ready  with  plenty  of  i  priori  reasons  that 
it  could  not  be  true :  and  the  fact  was  not  unanimously  ad- 
mitted till  men  had  quitted  the  logical  for  the  physical  point 
of  new.    We  now  find,  however,  that  no  proposition  in  the 
whole  range  of  natural  philosophy  is  founded  on  observations 
so  simple,  so  various,  so  multiplied,  so  easy  of  verification. 
In  fact,  the  whole  economy  of  the  universe  would  be  over- 
thrown, from  end  to  end,  but  for  this  law.    A  ship  impelled 
smoothly,  without  rolUng  and  pitching,  has  everything  going 
on  withm  it  just  the  same  as  if  it  were  at  rest ;  and,  in  the 
same  way,  but  on  the  grandest  scale,  the  great  globe  itself 
rushes  through  space,  without  its  motion  at  all  alfecting  the 
movements  going  on  on  its  sarbce.    As  we  all  know,  it  was 
ignorance  of  thu  third  law  of  motion  which  was  the  main 
(n)8tacle  to  the  establishment  of  the  Copemican  theory.    The 
Copemicans  struggled  to  get  rid  of  the  insurmountable  ob- 
jections to  which  their  doctrine  was  liable  hy  vain  metaphysi- 
cal subtleties,  till  Gralileo  cleared  up  the  difficulty.     Since  his 
time,  the  movement  of  the  globe  has  been  considered  an  all- 
sufficient  confirmation  of  the  law.     Laplace  points  out  to  us 
that  if  the  motion  of  the  elobe  afiectcd  the  movements  on  i^ 
the  efiect  could  not  be  unirorm,  but  must  vary  with  the  diver- 
sities of  their  direction,  and  of  the  angle  that  each  direction 
would  make  with  that  of  the  earth :  whereas,  we  know  how 
invariable  is,  for  instance,  the  oscillating  movement  of  die 
pendulum,  whatever  may  be  its  direction  m  comparison  with 
that  of  the  travelling  globe. 

It  may  be  as  well  to  point  out  that  rotary  motion  does  not 
enter  into  this  case  at  all,  but  only  translation,  because  the 
latter  is  the  only  motion  which  can  be,  in  d^ree  and  direc- 
tion, absolutely  common  to  all  the  parts  of  a  system.  In  a  ro- 
tating system,  for  instance,  all  the  parts  are  not  at  an  equal 
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distance  trom  the  centre  of  rotation.  When  the  interior  of  a 
ship  18  affected,  it  is  by  the  rolling  and  pitching,  which  are 
rotary  movements.  We  may  carry  a  watch  any  distance 
without  affecting  its  interior  movements;  but  it  will  not  bear 
wliirling. 

And,  again,  the  forward  motion  of  the  globe  could  be  dis- 
covered by  no  other  means  than  astronomical  obsen'ation ; 
whereas,  the  changes  which  occur  on  the  surface  of  the  earth, 

1>roduccd  by  the  inequality  of  the  centrifugal  force  at  its  dif* 
creut  points,  are  sufficient  c\idence  of  its  rotation,  indepen- 
dently of  all  astronomical  considerations  whatever. 

The  law  or  rule  of  the  composition  of  forces,  which  is  in« 
volvcd  in  the  general  tact  just  stated,  is,  in  fact,  identical  with 
it.  It  is  only  another  way  of  expressing  the  same  law.  If  a 
single  impulsion  describes  a  parallelogram  of  forces,  as  the 
scientific  term  is,  the  effect  of  a  second  will  be  to  describe  the 
diagonal  of  the  parallelogram.  This  is  nothing  more  than  an 
application  of  the  law  of  the  independence  of  forces ;  since 
the  motion  of  any  body  along  a  straight  line  is  in  no  way  dis- 
turbed by  a  general  motion  which  carries  away,  parallel  with 
itsdf,  the  whole  of  this  right  line  along  any  other  right  line 
wlmtcver.  This  consideration  leads  immetliately  to  the  geo- 
metrical construction  expressed  bv  the  rule  of  the  parallelogram 
of  forces.  And  thus  it  appears  tliat  this  fundamental  theorem 
of  Rational  Mechanics  is  a  true  natural  law;  or,  at  least,  a 
direct  application  of  one  of  the  greatest  natural  laws.  And 
this  is  the  best  account  to  give  of  it,  instead  of  looking  to 
logic  for  a  iSEdlacious  a  priori  deduction  of  it.  Any  analytical 
demoiistration,  too,  must  suppose  certain  portions  of  the  case 
to  be  evident ;  and  to  talk  of  a  thing  being  evident  is  to  refer 
back  to  nature,  and  to  depend  on  ouscn^ation  of  nature. 

It  is  worthy  of  remark  that  those  who  wish  to  make  a  se- 
parate law  of  the  composition  of  forces,  in  order  to  avoid  in- 
troducing the  third  law  into  the  prolegomena  of  Alcchanics, 
and  to  dispense  with  it  in  the  exposition  of  Statics,  are  brought 
back  to  it  when  entering  upon  the  study  of  Dynamics.  Upon 
this  alone  can  be  based  the  important  law  of  the  proportion 
of  forces  to  velocities.  Tiic  relations  of  forces  may  be  de- 
termined either  by  a  statical  or  dynamical  procedure.  No 
puqx)se  is  answered  by  the  transposition  of  the  general  fact 
of  the  independence  of  forces  to  the  dynamical  department  of 
the  science:   it  is  equally  necessary  for  the  statical;  and  a 
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world  of  metaphysical  confusion  is  saved  by  laying  it  down  as 
the  broad  basis  that  in  fact  it  is. 

These  three  laws  are  the  experimental  basis  of  the  science 
of  ^leclianics.  From  them  the  mind  may  proceed  to  the 
logical  construction  of  the  scienoe,  without  further  reference 
to  the  external  world.  At  least,  so  it  appears  to  me  ;  though 
I  am  far  from  assigning  any  &  priori  reasons  why  more  laws 
may  not  be  hereafter  discovered,  if  these  three  should  prove  to 
be  incomplete.  Tliere  cannot,  in  the  nature  of  things,  be  many 
more ;  and  I  would  rather  incur  the  inconvenience  of  the  in- 
troduction of  one  or  two,  than  run  any  risk  of  surrendering 
the  positive  character  of  the  science  and  overstraining  its 
logiod  considerations.  Vfe  cannot  however  conceive  of  any 
case  which  is  not  met  by  these  three  laws  of  Kepler,  of  Newton, 
and  of  Galileo ;  and  their  expression  is  so  precise,  that  they 
can  be  immediately  treated  in  the  form  of  analytical  equations 
easily  obtained.  As  for  tlie  most  extensive,  important,  and 
difficult  part  of  the  science,  the  mechanics  of  varied  motion 
or  continuous  forces,  we  can  perceive  the  }X)ssibility  of  reducing 
it  to  elementary  Mechanics  by  the  application  of  the  infini* 
tcsimal  method.  For  each  infinitely  small  point  of  time,  we 
must  substitute  a  uniform  motion  in  the  place  of  a  varied  one^ 
whence  will  immediately  result  the  differential  equations  re- 
lative to  these  varied  motions.  We  may  hereafter  see  what 
results  have  been  obtained  in  regard  to  the  abstract  laws  of 
equilibrium  and  motion,  lifcantime,  we  see  that  the  whole 
science  is  founded  on  the  combination  of  the  tluroe  phyrical 
laws  just  established ;  and  here  lies  the  distinct  boundary 
between  the  physical  and  the  logical  parts  of  the  science. 

As  for  its  di\nsion8,  the  first  ahd  most  impor-    ,^^  primly 
tant  is  into  Statics  and  Dynamics ;  that  is,  into   divisioiM. 
questions  relating  to  cquAibrium  and  questions   Stattcb  and 
relating  to  motion.      Statics  are  the  easiest  to   I^vxajiics. 
treat,  because  we  abstract  from  them  the  element  of  time, 
which  must  enter  into  Dynamical  questions,  and  complicate 
them.     The  whole  of  Statics  corresponds  to  the  very  small 
portion  of  Dvnamics  which  relates  to  the  theory  of  uniform 
motions.     Tins  division  corresponds  m'cII  with  the  facts  of 
human  education  in  this  science.      Tlie  fine  researches  of 
Archime<les   show   us    that    the   ancients,  though  far  from 
having  obtained  any  complete  system  of  rational  Statics,  had 
acquired  much  essential  knowledge  of  equilibrium — ^both  of 
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solids  and  fluids — ^while  as  yet  wholly  withoat  the  most  rudi- 
mentary knowledge  of  Dynamics.  Galileo^  in  fact,  created 
that  department  of  the  saence. 

SeocmdoiT  ^^  ^^^^  division  is  that  of  Solids  from  Fluids, 

dmaknia.  This  division  is  generally  placed  first,  but  it  is 

^^^  «"^  unquestionable  that  the  laws  of  statics  and  dyna- 
'*^^~*'  "mics  must  enter  into  the  study  of  sohds  and  fluids, 

that  of  fluids  requiring  the  addition  of  one  more  considera- 
tion,— ^variability  of  form..  This  however  is  a  consideration 
which  introduces  the  necessity  of  treating  separately  the  mole- 
cules of  whidi  fluids  are  composed,  and  fluids  as  systems  com- 
posed of  an  infinity  of  distinct  forces.  A  new  order  of  re- 
searches is  introduced  into  Statics,  relative  to  the  form  of  the 
^stem  in  a  state  of  equilibrium ;  but  in  Dynamics  the  ques- 
tions are  still  more  difficult  to  deal  with.  The  importance 
and  difficulty  of  the  researches  under  this  division  cannot  be 
exaggerated.  Their  complication  places  even  the  easiest  cases 
beyond  our  reach,  except  by  the  aid  of  extremely  precarious 
hypotheses.  We  must  admit  the  vast  necessary  difficulty  of 
hydrostatics,  and  yet  more  of  hydrodynamics,  in  comparison 
with  statics  and  d  vnamics,  properly  so  called,  which  are  in  fiict 
ftr  more  advanced. 

Much  of  the  difficulty  arises  from  the  mathematical  state- 
ment of  th^  question  differing  firom  the  natural  facts.  Mathe- 
matical fluids  have  no  adhesion  between  their  particles; 
whereas  natural  fluids  have,  more  or  less;  and  many  natural 
phenomena  are  due  to  this  adherence,  small  though  it  be  in 
comparison  with  that  of  solids.  Thus,  the  result  of  an  obser- 
vation of  the  quantity  of  a  given  fluid  which  will  run  out  of  a 
given  orifice  will  differ  widely  firom  the  result  of  the  mathe- 
matical calculation. of  what  it  should  be.  Thoiigh  the  case  of 
sohds  is  easier,  yet  there  perplexity  may  be  introduced  by  the 
disrupting  action  of  forces,  of  which  abstraction  must  be 
made  in  the  mathematical  question.  The  theory  of  the  rup- 
ture of  solids,  initiated  by  Galileo,  Huyghcns,  and  Leibnitz, 
is  still  in  a  very  imperfect  and  precarious  state,  great  as  are 
the  pains  which  have  been  taken  with  it,  and  much  needed 
as  it  is.  Not  so  much  needed  however  as  the  mechanics  of 
fluids,  because  it  docs  not  affect  questions  of  celestial  mecha- 
nics; and  in  this  highest  department  alone  can  we,  as  I  said 
before,  see  the  complete  application  of  rational  mechanics. 

There  is  a  gap  left  between  these  two  studies,  which  diould 
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be  pointed  out^,  thougli  it  is  of  secondary  importance.  We 
\rant  a  Mechanics  of  semi-fluids,  or  semi-solids, — ^as  of  sand, 
in  relation  to  solids,  and  gelatinous  conditions  of  fluids. 
Some  considerations  have  b^  ofiered  with  regard  to  these 
''imperfect  fluids/'  as  they  are  called;  but  their  true  theory 
has  never  been  established  in  any  direct  and  general  manner. 
Such  is  the  genend  view  of  the  philosophical  character  of 
Rational  Mechanics.  AVe  must  now  take  a  philosophical 
view  of  the  composition  of  the  science,  in  order  to  see  how 
this  great  second  department  of  Concrete  Mathematics  has 
attained  the  theoretical  perfection  in  which  it  appears  in  the 
works  of  Lagrange,  who  has  rendered  all  its  uossible  abstract 
questions  capable  of  an  analytical  solution,  like  those  of  geo- 
metry. We  must  first  take  a  view  of  Statics,  and  then  pro- 
ceed to  Dynamics. 

SECnOK  L 

STATICS. 

There  are  two  ways  of  treating  Rational  Me-    ConTene 
chanics,  according  as  Statics  are  regarded  directly,   methodt  of 
t>r  as  a  particular  case  of  Dynamics.    By  thefiiiit  *«»*™«nt. 
method  we  have  to  discover  a  principle  of  equilibrium  so 
general  as  to  be  applicable  to  the  conditions  of  equilibrium  of 
all  systems  of  possible  forces.      By  the  second  method,  we 
reverse  the  process, — ^ascertaining  what  motion  would  result 
fix>m  the  simultaneous  action  of  any  proposed  differing  forces, 
and  then  determining  what  relations  of  these  forces  would 
render  motion  nulL 

The  first  method  was  the  only  one  possible  in  Fint  meOiod. 
the  early  days  of  science;  for,  as  I  have  said  Sutic*^ 
before,  Galileo  was  the  creator  of  the  science  of  ^^•^ 
Dynamics.  Archimedes,  the  founder  of  Statics,  established 
the  condition  of  equilibrium  of  two  weights  suspended  at  the 
ends  of  a  straight  lever;  that  is,  he  showed  that  the  weights 
must  be  in  an  inverse  ratio  to  their  distances  from  the  fulcruiii 
of  the  lever.  He  endeavoured  to  refer  to  this  principle  the 
relations  of  equilibrium  proper  to  other  systems  of  forces ;  but 
the  principle  of  tlie  lever  is  not  in  itseUT  general  enough  for 
such  application.  Tlie  various  dcrices  by  which  it  was  at- 
temptol  to  extend  the  process,  and  to  supply  the  remaining 
deficiencies,  were  relinquished  when  the  establishment    of 
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Qc^jftf^  Dynamics  permitted  the  use  of  the  second  me- 

method.  thod, — of  seeking  the  conditions  of  equilibrium 

Statics  tlirough  the  laws  of  the  composition  of  forces. 

I^^!'  ^'  ^^  "  V  *^  ^^  method  that  Varignon  disco- 
"*™^  vercd  the  theory  of  the  equilibrium  of  a  system 

of  forces  applied  upon  a  single  point;  and  that  D'Alembert 
afterwards  established,  for  the  first  time,  the  equations  of  etfau 
librium  of  any  system  of  forces  applied  to  the  different  points 
c{  a  solid  body  of  an  invariable  form.  At  this  day,  this  is  the 
method  universally  employed.  At  the  first  glance,  it  does  not 
appear  the  most  rational, — Dynamics  being  more  complicated 
than  Statics,  and  precedence  being  natural  to  the  simpler.  It 
would,  in  fact,  be  more  philosophical  to  refer  dynamics  to 
statics^  as  has  since  been  done;  but  we  may  observe  that  it  is 
only  the  most  elementary  part  of  dynamics,  the  theory  of  uni* 
form  motions,  that  we  are  concerned  with  in  treating  statics 
as  a  particular  case  of  dynamics.  The  complicated  considera- 
tions of  varied  motions  do  not  enter  into  the  process  at  all. 

The  easiest  method  of  applying  the  theory  of  uniform  mo- 
tions to  statical  questions  is  through  the  view  that,  when 
forces  arc  in  equUibrio,  each  of  them,  taken  singly,  may  be. 
regarded  as  destroying  the  effect  of  dl  the  others  together. 
Thus,  the  thing  to  be  done  is  to  show  that  any  one  of  the 
forces  of  the  system  is  equal,  and  directly  opposed,  to  the  re- 
sulting force  of  all  the  rest.  The  only  difficulty  here  is  in 
determining  the  resulting  force;  that  is,  in  mutually  com- 
pounding Uic  given  forces.  Here  comes  in  the  aid  of  the 
third  great  law  of  motion,  and  having  compounded  the  two 
first  forces,  we  can  deduce  the  composition  of  any  number  of 

After  having  established  the  elementary  laws  of  the  com- 
^  position  of  forces,  geometers,  before  applying  them  to  the  in- 
vestigation of  the  conditions  of  cc|uilibrium,  usually  subject 
them  to  an  important  transformation,  which,  without  being 
indispensable,  is  of  eminent  utility,  in  an  analytical  new,  from 
the  extreme  simplification  which*  it  introduces  into  the  alge- 
braical expression  of  the  conditions  of  equilibrium.  The 
transformation  consists  in  what  is  called  the 
lomcntt.  theory  of  Moments,  the  essential  property  of 
which  is  to  reduce,  aiialvtically,  nil  the  laws  of  the  composition 
of  fonccs  to  simple  additions  and  subtractions.  Without 
going  into  an  examination  of  this  theory,  it  is  necessary  simply 
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to  say  that  it  considers  statics  as  a  particular  case  of  clcmcn. 
tary  dynamics,  and  that  its  value  is  in  the  simplicity  which 
it  gives  to  the  aualyticid  jiart  of  the  process  of  investigation 
into  the  conditions  of  equilibrium.  Simple,  however,  as  may 
be  the  operation,  and  great  as  mav  be  the  practical  advantage 
gained  tiirough  the  ti*catment  of  statics  as  a  particular  case 
of  elementary  D}iiamics,  it  would  be  satisfactory  to  return,  if 
we  could,  to  the  method  of  the  ancients, — ^to  leave  . 

Dynamics  on  one  side,  and  proceed  directly  to  jm^JJJJ  ^iSiS 
the  investigation  of  the  laMs  of  equilibrium  re- 
garded by  itself,  by  means  of  a  direct  general  principle  of 
equilibrium.  Geometers  strove  after  this  as  soon  as  the  ge- 
neral equations  of  equilibrium  were  discovered  by  the  dynamic 
method.  But  a  higher  motive  than  even  the  desire  to  place 
statics  in  a  more  philosophical  position  impelled  them  to  esta- 
bUsh  a  direct  Statical  method :  and  this  it  was  which  caused 
Lagrange  to  carry  up  tjie  whole  science  of  Rational  Media- 
iiics  to  the  philosophical  |X2rfcction  which  it  now  enjoys. 

D'Alembcrt  made  a  discovery,  (to  be  treated  of  hereafter,) 
by  the  help  of  M'hich  all  investigation  of  the  motion  of  any 
body  or  system  might  be  converted  at  once  into  a  question  of 
equilibrium.  Tliis  amounts,  in  fact,  to  a  vast  gcncralizaticm 
of  the  second  fundamental  law  of  motion;  and  it  lias  served 
for  a  century  past  as  a  permanent  basis  for  the  solution  of  all 
great  dynamical  questions ;  and  it  must  be  so  applied  more 
and  more,  from  its  high  merits  of  simplification  in  the  most 
difiicidt  investigations.  Still,  it  is  dear  that  this  method 
^x)mpcls  a  return  into  statics ;  and  Statics  as  independent  of 
Dynamics,  which  are  altogether  derived  from  Statics.  A 
science  must  be  imperfectly  laid  do\i'n,  as  long  as  it  is  necessary 
thus  to  pass  backwards  and  fonvards  between  its  two  depart- 
ments. In  onlcr  to  establish  the  necessary  miity,  and  to  pro- 
\-idc  scope  for  D'Alembert's  principle,  a  complete  rcconstitu- 
tion  of  Rational  ^Icchanics  was  indispensable.  Lagrange 
effected  this  in  his  admirable  treatise  on  'Analvtical  Mecha^ 
uics,^  the  leading  conception  of  which  must  be  the  basis  of  all 
future  labours  of  geometers  upon  the  laws  of  equilibrium  and 
motion,  as  we  have  seen  that  the  great  idea  of  Descartes  is 
with  i*egard  to  geometrical  speculations. 

The  principle  of  Virtual  Vclodties, — ^the  one 
which  Lagrange  selccteil  from  among  tlie  pro-    ^^^^  ^^^^ 
l)crties  of  equilibrium, — had  been  discovered  by       "** 
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Gralilco  in  the  case  of  two  forces,  as  a  general  property  mani- 
festcd  by  the  oquilibrium  of  all  maclunes.  John  Bemouilli 
exttadcd  it  to  any  number  of  forces,  composing  any  system, 
y  arignon  afterwards  expressly  pointed  out  the  universal  use 
that  might  be  made  of  it  in  Statics.  The  combination  of  it 
with  D'Alemberfs  principle  led  Lagrange  to  conceive  of  the 
whole  of  Rational  Medianics  as  deduced  from  a  single  fun- 
damental theorem,  and  to  give  it  that  rigorous  unity  which  is 
the  highest  philosophical  perfection  of  a  science. 

The  dearest  idea  of  the  system  of  virtual  velocities  may  be 
obtained  by  considering  the  simple  case  of  two  forces,  which 
was  that  presented  by  Gralileo.  We  suppose  two  forces  ba- 
lancing  each  other  by  the  aid  of  any  instrument  whatever.  If 
we  suppose  that  the  system  should  assume  an  infinitely  small 
motion,  the  forces  are,  with  regard  to  each  other,  in  an  in- 
verse rajdo  to  the  qmces  traversed  by  their  points  of  applica- 
tion in  the  path  of  their  directions.  These  spaces  are  called 
virtual  velocities,  in  distinction  from  the  real  velocities  which 
would  take  place  if  the  equilibrium  did  not  exist.  In  this 
primitive  state,  the  principle,  easily  verified  with  r^ard  to  all 
Known  machines,  offers  great  practical  utility;  for  it  permits 
us  to  obtain  with  ease  the  mathematical  condition  of  equili- 
brium of  any  machine  whatever,  whether  its  constitution  is 
known  or  not.  If  we  give  the  name  of  virtual  momentum 
(or  simply  of  momentum  in  its  primitive  sense)  to  the  product 
of  each  force  by  its  virtual  velocity, — a  product  which  in  fact 
then  measures  the  effort  of  the  force  to  move  the  machine, — 
we  may  greatly  simplifrr  the  statement  of  the  principle  in 
merely  saying  that,  in  this  case,  the  momentum  of  the  two 
forces  must  be  equal  and  of  opposite  signs,  that  there  may  be 
equilibrium,  and  that  the  positive  or  negative  sign  of  each  mo- 
mentum is  determined  according  to  that  of  the  virtual  velocity, 
wliich  will  be  considered  positive  or  negative  according  as,  isy 
the  supposed  motion,  the  projection  of  uie  point  of  application 
would  be  found  to  faU  upon  the  direction  of  the  force  or  upon 
its  prolongation.  This  abridged  expression  of  the  principle  of 
virtual  velocities  is  especially  useful  for  the  statement  of  this 

i>rinciple  in  a  general  manner,  with  regard  to  any  system  of 
brces  whatever.  It  is  simply  this :  that  the  algebraic  sum 
of  the  virtual  moments  of  fdl  forces,  estimated  according  to 
the  preceding  rule,  must  be  null  to  cause  equilibrium:  and 
this  condition  must  exist  distinctly  with  regard  to  all  the  de- 
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mentary  motions  which  the  qrstem  might  assume  in  virtae  <oi 
the  forces  by  vrhich  it  is  animated.  In  the  equation,  con- 
taining this  principle^  furnished  by  Lagrange,  the  whole  of 
Rational  l^Iechanics  may  be  considered  to  be  implicitly  com- 
prehended* 

TMiile  the  theorem  of  virtual  velocities  was  conceived  of 
only  as  a  general  property  of  equilibrium,  it  could  be  verified 
by  observing  its  constant  conformity  with  the  ordinary  laws 
of  equilibrium,  otherwise  obtained,  of  which  it  was  a  sum- 
mary, useful  by  its  simplicity  and  uniformity.  But,  if  it  was 
to  be  a  fundamental  principle,  a  basis  of  the  whole  science,  it 
must  be  underivod,  or  at  least  capable  of  being  presented  in 
its  preliminary  propositions  as  a  matter  of  observation.  This 
was  done  by  Lagrange,  by  his  ingenious  demonstration  through 
a  system  of  pulleys.  He  exhibited  the  theorem  of  virtual 
velocities  very  easUy  by  imagining  a  single  weight  which,  by 
means  of  pulleys  suitably  constructed,  replaces  smiultaneously 
all  the  forces  of  the  system.  Many  other  demonstrations 
have  been  furnished;  but,  wliilc  more  complicated,  they  are 
not  logically  superior.  From  the  philosophical  point  of  ^iew 
it  is  dear  that  this  general  theorem,  being  a  necessary  conse- 
quence of  the  fundamental  laws  of  motion,  can  be  deduced  in 
various  ways,  and  becomes  practically  the  point  of  departure 
of  the  whole  of  Rational  Mechanics.  A  pmoct  unity  having 
been  established  by  this  principle,  we  necid  not  look  for  any 
others;  and  we  may  rest  assured  that  Lagrange  has  carried 
the  co-ordination  of  the  science  as  &r  as  it  can  go.  The  only 
possible  object  would  be  to  simplify  the  analytical  researdies 
^to  which  the  science  is  now  reduced;  and  nothing  can  be 
conceived  more  admirable  for  this  purpose  than  Lagrange's 
adaptation  of  the  principle  of  virtual  velocities  to  the  uniform 
application  of  mathematical  analysis. 

Striking  as  is  the  philosophical  eminence  of  this  principle^ 
there  are  difficulties  enough  in  its  use  to  prevent  its  bong 
considered  elementary,  so  fitr  as  to  preclude  the  consideration 
of  any  other  in  a  course  of  dogmatic  teaching.  It  is  for  this 
reason  that  I  have  referred  to  the  dynamic  method,  properly 
so  called,  which  is  the  only  one  in  general  use  at  present. 
All  other  considerations  must  however  be  only  provisionaL 
Lagrange's  method  is  at  present  too  new ;  but  it  is  impossible 
that  it  should  for  ever  remain  in  the  hands  of  a  small  number 
of  geometers,  who  alone  shall  be  able  to  make  use  of  its  ad- 
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mirable  properties.  It  must  become  as  popular  in  the  mathe- 
matical world  as  the  great  geometrical  conception  of  Descartes : 
and  this  general  progress  would  be  almost  accomplished  if  the 
fundamental  ideas  of  transcendental  analysis  were  as  widely 
spread  as  they  ought  to  be. 

The  greatest  acquisition^  since  the  rcgenera- 
^JJ2^  tion  of  Ae  science  by  Lagrange,  is  the  conception 
of  1^1.  Poinsot, — ^the  theory  of  Couples,  which 
appears  to  me  to  be  far  from  being  sufficiently  valued  by  the 
greater  number  of  geometers.  These  Couples,  or  systems  of 
parallel  forces,  equal  and  contrary,  had  been  merely  remarked 
before  the  time  of  M.  Poinsot,  as  a  sort  of  paradox  in  Statics. 
He  seized  upon  this  idea,  and  made  it  the  subject  of  an  ex- 
tended and  original  theory  relating  to  the  transformation,  com- 
position, and  use  of  these  singular  groups,  which  he  has  sho^n 
to  be  endowed  vntli  properties  remarkable  for  their  generality 
and  simplicity.  He  us^  the  dvnamic  method  in  his  study  of 
the  conditions  of  equilibrium :  but  he  presented  it,  by  the  aid 
of  his  theory  of  couples,  in  a  new  and  simplified  aspect.  But 
his  conception  will  do  more  for  dynamics  than  for  statics;  and 
it  has  hardly  yet  entered  upon  its  chief  office.  Its  value  ndll 
be  appreciated  when  it  is  found  to  render  the  notion  of  the 
movements  of  rotation  as  natural,  as  fSEuniliar,  and  almost  as 
simple  as  that  of  forward  movement  or  translation. 
Sharoofequa-  ^^^  morc  consideration  should,  I  think,  be 
tiont  in  pro-  adverted  to  before  we  quit  the  subject  of  statics 
diMdng  equili-  as  a  whole.  AVhcu  we  study  the  nature  of  tlie 
briom.  equations  which  express  the  conditions  of  equili- 

brium of  any  system  of  forces,  it  seems  to  me  not  cuougli  to 
establish  that  the  sum  of  these  equations  is  indispeusable  for 

X'librium.  I  think  the  further  statement  is  necessary, — in 
t  degree  each  contributes  to  the  result.  It  is  dear  that 
each  equation  must  destroy  some  one  of  the  possible  motions 
that  tlie  body  would  make  in  virtue  of  existing  forces;  so  that 
the  whole  of  the  equations  must  produce  equilibrium  by  leav- 
ing an  impossibility  for  the  body  to  move  in  any  way*  what- 
ever. Now  the  natural  state  of  things  is  for  movement  to 
consist  of  rotation  and  translation.  Either  of  these  may  exist 
without  the  other;  but  the  cases  are  so  extremely  rare  of 
their  being  found  apart,  that  the  verification  of  either  is  re- 
garded by  geometers  as  the  strongest  presumption  of  the 
existence  of  the  other.    Thus,  when  the  rotation  of  the  sun 
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upon  its  axis  was  established,  every  geometer  conduded  that 
it  had  also  a  progressive  motion,  carrying  all  its  planets  with 
it,  before  astronomers  had  produced  any  eWdenoe  that  such 
was  actually  die  case.  In  the  same  way  we  conclude  that 
certain  planets,  travelling  in  their  orbits,  rotate  roimd  their 
axes,  though  the  &ct  has  not  yet  l)een  verified.  Some  equa- 
tions must  therefore  tend  to  destroy  all  progressive  motion, 
and  others  all  motion  of  rotation.  How  many  equations  of 
each  kind  must  there  be  ? 

It  is  clear  that,  to  keep  a  body  motionless,  it  must  be  hin- 
dci*ed  from  moving  according  to  three  axes  in  different  planes, 
— commonly  supposed  to  be  perpendicular  to  each  other.     If 
a  body  cannot  move  from  north  to  south,  nor  the  reverse; 
nor  from  cast  to  west,  nor  the  reverse ;  nor  up,  nor  down,  it 
is  dear  that  it  cannot  move  at  all.     Movement  in  any  in- 
termediate direction  might  be  conceived  of  as  partial  progres- 
sion in  one  of  these,  and  is  therefore  impossible.     On  the 
other  hand,  we  camiot  reckon  fewer  than  throe  independent 
elementary  motions;  for  the  body  might  move  in  the  diroc 
tion  of  one  of  the  axes,  without  having  any  translation  in  the 
direction  of  cither  of  the  others.     Thus  we  see  that,  in  a 
general  way,  three  equations  are  necessary,  and  three  are 
sufficient  to  establish  the  absence  of  translation;  each  being 
specially  adapted  to  destroy  one  of  the  three  progressive  mo- 
tions of  which  the  body  is  capable.     The  same  new  presents 
itself  with  regard  to  the  other  motion,— of  rotation.    The 
mechanical  conception  is  more  complicated;  but  it  is  true, 
as  in  the  simpler  case,  that  motion  is  possible  in  only  three 
directions, — ^in  three   co-ordinated   planes,  or  round  three 
axes.     Three  equations  are  necessary  and  suffident  here  also; 
and  thus  wc  have  six  which  are  indispensable  and  suffident  to 
stop  all  motion  whatever. 

AMicn,  instead  of  supposing  any  system  of  forces  whatever 
as  the  subject  of  the  question,  we  particularize  any,  we  get  rid 
of  more  or  fewer  possible  movements.  Hanng  exduded  these, 
we  may  exclude  also  their  corresponding  equations,  retaining 
only  those  which  relate  to  the  possible  motions  that  remain. 
Thus,  iiistcad  of  hanng  to  deal  with  six  equations  necessaiy 
to  equilibrium,  there  may  be  only  throe,  or  two,  or  even  one, 
whicli  it  will  be  easy  enough  to  obtain  in  each  case.  These 
remarks  may  be  extended  to  any  restrictions  upon  motion, 
whether  resulting  from  the  special  constitution  of  the  system 
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of  forces,  or  from  any  other  kind  of  control,  affecting  the  body 
under  notice.  I^  for  instance,  the  body  were  fastened  to  a 
point,  so  that  it  could  firedy  rotate  but  not  advance,  tlirce 
equations  would  suffice :  and  again,  if  it  is  fastened  to  two 
fixed  points,  two  equations  arc  enough ;  and  even  one,  if  these 
two  fixed  points  are  so  placed  as  to  prevent  the  body  firom 
moving  on  the  axis  between  them.  Finally,  its  being  attached 
to  three  fixed  points,  not  in  a  right  line,  will  prevent  its  mov- 
ing at  all,  and  establish  equilibrium  ^\ithout  any  condition, 
whatever  may  be  the  forces  of  the  system.  The  spirit  of  this 
analysis  is  entirely  independent  of  any  method  by  which  the 
equations  of  equilibrium  will  have  Dcen  obtained :  but  the 
different  general  methods  are  far  from  being  equally  suitable 
to  the  application  of  tliis  rule.  Tlie  one  which  is  best  adapted 
to  it  is,  undoubtedly,  the  Statical  one,  properly  so  called, 
founded,  as  has  been  shown,  on  the  principle  of  Aortual  veloci- 
ties. In  fact,  one  of  the  characteristic  properties  of  this 
principle  is  the  perfect  precision  with  which  it  analyses  the 
phenomena  of  equilibrium,  by  distinctly  considering  each  of  the 
elementary  motions  permitted  by  the  forces  of  the  system, 
and  fumisliing  immoiiately  an  equation  of  equilibrium  spe- 
cially relating  to  this  motion. 

Connection  of  ^Vlien  wc  comc  to  the  inqidry  how  geometers 
the  conctete  &pply  the  principles  of  abstract  Mechanics  to  the 
with  tho  ab-  properties  of  real  bodies,  we  must  state  that  the 
•tmctqucrtion.  ^^jy  complete  application  yet  accomplished  is  in 
the  question  of  terrestrial  grarity.  Now,  this  is  a  subject 
which  cannot,  logically,  be  treated  imder  the  head  of  5f  e- 
chanics,  as  it  belongs  to  Physics.  It  is  sufficient  to  explain 
that  the  statical  study  of  tcn*cstrial  gravity  becomes  converti- 
ble into  tliat  of  centres  of  grarity ;  and  that  all  confusion 
between  the  two  departments  of  research  would  be  avoided  if 
we  accustomed  ourselves  to  class  the  theory  of  centres  of  gra- 
vity among  the  questions  of  pure  eeomctry.  In  seeking  the 
centre  of  grarity  as  (according  to  the  logical  denomination  of 
the  ancient  geometers)  the  centre  of  mean  distances,  we  re- 
move all  traces  of  the  mechanical  origin  of  tlie  question,  and 
convert  it  into  this  problem  of  general  geometry : — Given, 
any  system  of  points  disposed  in  a  determinate  way  \iith  re- 
gaitl  to  each  other,  to  find  a  point  whose  distance  to  any  plane 
sliall  be  a  mean  between  the  distances  of  all  the  ^ven  points 
to  tlie  same  plane. — ^The  abstraction  of  all  consideration  of 
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gravity  is  an  assistance  in  every  tray.  The  simple  geometrical 
idea  is  precisely  what  ire  want  in  most  of  the  principal  the- 
ories of  Bational  Mechanics,  and  especially  when  we  contcm- 
plate  the  great  dynamic  properties  of  the  centre  of  mean  dis- 
tances; in  which  study  the  idea  of  gravity  booomes  a  mere 
encumbrance  and  perplexity.  It  is  true  that,  by  proceeding 
thus,  we  exclude  the  question  finom  the  domain  of  Mechanics, 
to  place  it  in  that  of  Geometry.  I  should  have  so  classed  it 
but  for  an  unwillingness  to  break  in  upon  established  customs. 
Howc\*cr  it  may  be  as  to  the  matter  of  arrangement,  it  is  highly 
important  for  us  not  to  misapprehend  the  true  nature  of  tte 
question. — The  integral  calculus  oflcrs  the  means  of  sur- 
mounting those  difficulties  in  determining  the  centre  of  gra- 
vity which  are  imposed  by  the  conditions  of  the  question. 
But,  the  integrations  in  this  case  being  more  complicated  than 
those  to  which  they  arc  analogous, — ^those  of  quadratures  and 
culiatures, — ^their  precise  solution  is,  owing  to  the  extreme 
imperfection  of  the  integral  Calculus,  much  more  rarely  ob- 
tained. It  is  a  matter  of  high  importaiice,  however,  to  be 
able  to  introduce  the  consideration  of  the  centre  of  gravity 
into  general  theories  of  analytical  mechanics. 

Such  is,  then,  the  relation  of  terrestrial  graritataon  to  the 
science  of  abstract  Statics.  As  for  universal  gravitation,  no 
complete  study  has  yet  been  made  of  it,  except  in  regard  to 
8i)hcrical  bodies.  Wliat  we  know  of  the  law  of  graritation 
would  easily  enable  us  to  compute  the  mutual  attraction  of 
all  knowTi  bodies,  if  the  conditions  of  each  body  were  under- 
stood by  us :  but  this  is  not  the  case.  For  instance,  we  know 
nothing  of  the  law  of  density  in  the  interior  of  the  heavenly 
bodies.  It  is  still  true  that  the  primitive  theorems  of  Newton 
on  the  attraction  of  spherical  bodies  are  the  most  useful  part 
of  our  knowledge  in  this  direction. 

Grarity  is  the  only  natural  force  that  we  are  practically 
concerned  with  in  Rational  Statics :  and  we  see,  by  this^  how 
backwaid  this  science  is  in  regard  to  universal  gravitation. 
As  for  the  exterior  general  circumstances,  such  as  firiction, 
resistance  of  tuedia,  and  the  like,  which  are  altogether  ex- 
cluded in  the  establishment  of  the  rational  laws  of  Mechanics, 
we  can  only  say  that  we  are  absolutely  ignorant  of  the  way  to 
introduce  them  into  the  fundamental  relations  afforded  by 
analytical  Mechanics,  because  we  have  nothing  to  rely  oh, 
in  working  them,  but  precarious  and  inaccurate  hypotheses, 
unfit  for  scientific  use.  g*  2 
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As  for  the  theory  of  equilibrium  in  r^ard  to 
5?fl^°"      fluid  bodies,— the  applieatiou  which  it  remains 
for  us  to  notice, — ^those  bodies  must  be  ri^arded 
as  cither  liquid  or  gaseous. 

n  droit  tkt.         Hydrostatics  may  be  treated  in  two  ways.  We 
^       *  may  seek  the  laws  of  the  equilibrium  of  fluids, 

according  to  statical  considerations  proper  to  that  class  of 
bodies :  or  we  may  look  for  them  among  the  laws  which  relate 
to  solids,  allowing  for  the  new  characteristics  resulting  from 
fluidity. 

The  first  method,  being  the  easiest,  was  in  early  times  the 
only  one  employed.  Till  a  rather  recent  time,  all  geometers 
employed  themselves  in  proposing  statical  principles  p(x;uliar 
to  fluids;  and  especially  with  rc^uxl  to  tlie  grand  question  of 
the  figure  of  the  earth,  on  the  supposition  that  it  was  once 
fluid.  Huyghens  first  endeavoured  to  resolve  it,  taking  for 
his  principle  of  equilibrium  the  necessary  perpendicularity  of 
weight  at  the  free  surface  of  the  fluid.  Newton's  principle 
was  the  necessary  equality  of  weight  between  the  two  fluid 
colimms  going  from  the  centre, — the  one  to  the  pole,  the 
other  to  some  point  of  the  equator.  Bouguer  showed  that 
both  methods  were  bad,  because,  though  each  was  incontest- 
able, tlie  two  failed,  in  many  cases,  to  give  the  same  form  to 
the  fluid  mass  in  equilibrium.  But  he,  in  his  turn,  was  wrong 
in  belierin^  that  the  union  of  the  two  principles,  when  they 
agreed  in  mdicating  the  same  form,  was  sufficient  for  equi- 
librium. It  was  Clairaut  who,  in  his  treatise  on  the  form  of 
the  earth,  first  discovered  the  true  laws  of  the  case,  setting 
out  from  the  c^Hident  consideration  of  the  isolated  equilibrium 
of  any  infinitely  small  canal ;  and,  tried  by  this  criterion,  he 
showed  that  die  combination  required  by  Bouguer  might  take 
place  without  equilibrium  happening.  Sevexal  great  geome- 
ters, proceeding  on  Clairaut's  foundation,  have  carried  on 
the  theory  of  the  equilibrium  of  fluids  a  great  way.  Mac- 
laurin  w*as  one  of  those  to  whom  we  owe  much ;  but  it  was 
Euler  who  brought  up  the  subject  to  its  present  point,  by 
fomiding  the  theory  on  the  principle  of  equal  pressure  in  all 
directions.  Observation  of  the  statical  constitution  of  fluids 
indicates  tins  as  a  general  law ;  and  it  furnishes  the  requisite 
equations  with  extreme  facility. 

It  was  iue\-itable  that  the  mathematical  theory  of  the  equi- 
librium of  fluids  should,  in  the  first  place,  be  founded,  as  we 


EQUILIBRIUM   OP   FLUIDS.  123 

have  seen  tbat  it  irasj  on  statical  principles  peculiar  to  tliis 
kind  of  bodies :  for^  in  early  days,  tlie  character- 
istic differences  between  solids  and  fluids  must  1^^^^^ 
have  appeared  too  great  for  any  geometer  to  think  of  applying 
to  the  one  the  general  principles  appropriated  to  the  other. 
But^  when  the  fundamental  laws  of  hydrostatics 
were  at  length  obtained^  and  men's  minds  were  ^"^ 
at  leisure  to  estimate  the  real  diversity  between  the  theories 
of  fluids  and  of  solids^  they  could  not  but  endeavour  to  attadi 
them  to  the  same  general  principles,  and  perceive  the  neces- 
sary applicability  of  the  fundamental  rules  of  Statics  to  the 
equilibrium  of  -^uids,  making  allowance  for  the  attendant  va- 
riability of  form.  But,  before  hydrostatics  could  be  compre- 
hended under  Statics,  it  was  necessary  that  the  abstract  theory 
of  equilibrium  should  be  made  so  general  as  to  apply  directly 
to  fluids  as  well  as  solids.  This  was  accomplished  when  La- 
grange supplied,  as  the  basis  of  the  whole  of  Rational  Me- 
chanics, the  single  principle  of  Virtual  Velocities.  One  of 
its  most  valuable  properties  is  its  being  as  directly  applicable 
to  fluids  as  to  solids.  From  that  time.  Hydrostatics,  ceasing 
to  be  a  natural  branch  of  science,  has  taken  its  place  as  a 
secondary  dirision  of  Statics.  This  arrangement  lias  not  yet 
been  familiarly  admitted ;  but  it  must  soon  become  so. 

To  see  how  the  principle  of  Virtual  Velocities  may  lead  to 
the  fundamental  equations  of  the  equilibrium  of  fluids,  we 
have  to  consider  that  all  that  such  an  application  requires,  is 
to  introduce  among  the  forces  of  the  system  under  notice  one 
new  force, — the  prcssmt;  exerted  upon  each  molecule,  which 
will  introduce  one  term  more  into  the  general  equation.  Pro- 
ceeding thus,  the  tlirce  general  equations  of  the  equilibrium 
of  fluids,  employed  when  hydrostatics  was  treated  as  a  sepa- 
rate branch,  will  be  immecfiately  reached.  If  the  fluid  be  a 
liquid,  we  must  have  regard  to  the  condition  of  incompressi- 
bility, — of  change  of  form  without  change  of  volume.  If  the 
fluid  be  gaseous,  we  must  substitute  for  the  incompressibility 
that  condition  which  subjects  the  volume  of  the  fluid  to  vary 
according  to  a  determinate  function  of  the  pressure ;  for  in- 
stance,  in  the  inverse  ratio  of  the  pressure,  according  to 
the  physical  law  on  which  Mariottc  has  founded  the  whole 
Meclianics  of  the  gases.  AVe  know  but  too  little  yet  of 
these  gaseous  conditions;  for  Mariotte's  law  can  at  present 
be  regai-dcd  only  as  an  approximation,— sulficiently  exact  for 
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ETerage  circumstances^  but  not  to  be  rigorously  applied  in  any 
case  whatever. 

Some  confirmation  of  the  philosophical  character  of  this 
method  of  treating  hydrostatics  arises  from  its  enabling  us  to 
pass,  almost  insensibly,  from  the  order  of  bodies  of  invariable 
form  to  that  of  the  most  variable  of  all,  through  intermediate 
classes, — as  flexible  and  elastic  bodies, — ^whereby  we  obtain,  in 
an  analytical  view,  a  natural  filiation  of  subjects. 

We  have  seen  how  the  department  of  Statics  has  been 
raised  to  that  high  degree  of  speculative  perfection  which 
transforms  its  questions  into  simple  problems  of  Mathematical 
Analysis.  We  must  now  take  a  similar  review  of  the  other 
department  of  general  jVIechanics, — that  more  extendc4  and 
more  complicated  study  which  relates  to  the  laws  of  Motion. 

SEcnoK  n. 

DYNAMICS. 

^^^^  The  object  of  Dynamics  is  the  study  of  the 

^^^"^  varied  motions  produced  by  continuous  forces. 

The  Dynamics  of  varied  motions  or  continuous  forces  includes 
two  departments, — ^the  motion  of  a  point,  and  that  of  a  bodjr. 
From  the  positive  point  of  riew,  this  means  that,  in  certain 
cases,  all  the  parts  of  the  body  in  question  have  the  same  mo- 
tion, so  that  the  determination  of  one  particle  serves  for  the 
whole ;  while  in  the  more  general  case,  each  particle  of  the 
body,  or  each  Jxxly  of  the  system,  assuming  a  distinct  motion, 
it  is  necessary  to  examine  these  different  effects,  and  the  action 
upon  them  of  the  relations  belonging  to  the  system  under 
notice.  The  second  theory  being  more  complicated  than  tlie 
first,  the  first  is  the  one  to  begin  with,  even  if  both  are  deduced 
from  the  same  principles. 

With  regard  to  the  motion  of  a  point,  the  question  is  to 
determine  the  circumstances  of  the  compound  cunilinear 
motion,  resulting  from  the  simultaneous  action  of  different 
continuous  forces,  it  being  known  what  would  be  the  rectili- 
near motion  of  the  body  if  influenced  by  any  one  of  these 
forces.  Like  every  other,  this  problem  admits  of  a  converse 
•solution. 

But  here  intervenes  a  preliminary  theory,  which 

V^,  ^^  m«8t  be  noticed  before  either  of  the  two  deiMirt- 
tiiiiicu' motion.  i  a        i  n««  •     .1  * 

ments  can  be  entered  upon.     This  theory  is  po- 
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pularly  called  the  theory  of  rectilinear  motion,  produced  by  a 
single  continuous  force*acting  indefinitely  in  the  same  direc- 
tion. It  may  be  asked  why  we  want  this,  after  having  said 
that  the  effect  of  each  separate  force  is  supposed  to  be  kuown, 
and  the  effect  of  their  union  the  thing  to  be  sought.  The 
answer  to  this  is,  that  the  varied  motion  produced  by  each 
continuous  force  may  be  defined  in  several  ways,  which  depend 
on  each  other,  and  which  could  never  be  given  simultaneously, 
though  each  may  be  separately  tlie  most  suitable ;  whence  re- 
sults the  necessity  of  being  able  to  pass  from  any  one  of  them 
to  all  the  rest.  The  preliminary  theory  of  varied  motion  re- 
lates to  these  transformations,  and  is  therefore  inaptly  termed 
the  study  of  the  action  of  a  single  force.  These  different 
equivalent  definitions  of  the  same  varied  motions  result  firom 
the  simultaneous  consideration  of  the  three  distinct  but  co- 
related  functions  which  are  presented  by  it, — space,  velocity^ 
and  force,  conceived  as  dependent  on  time  elapsed.  Taking 
the  most  extended  view,  we  may  say  that  the  definition  of  a 
varied  motion  may  be  given  by  any  equation  containing  at 
once  these  four  variables,  of  which  only  one  is  independent, 
— time,  space,  velocity,  and  force.  The  problem  will  consist  in 
deducing  from  this  equation  the  distinct  determination  of  the 
three  characteristic  laws  relating  to  s|)ace,  velocity,  and  force,  as 
a  function  of  time,  and,  consequently,  in  mutual  correlation. 
Tliis  general  problem  is  always  reducible  to  a  purely  analytical 
research,  by  the  help  of  the  two  dynamical  formulas  which  ex- 
press, as  a  function  of  time,  velocity  and  force,  when  the  law  of 
space  is  supposed  to  be  known.  The  infinitesimal  method  leads 
to  these  formulas  with  the  utmost  ease,  the  motion  being  con- 
sidered unifonn  during  an  infinitely  small  inten'd  of  time,  and 
as  uniformly  accelerated  during  two  consecutive  intervals. 
Thence  the  velocity,  supposed  to  be  constant  at  the  instant, 
according  to  the  first  consideration,  will  be  naturally  expressed 
by  tiie  differential  of  the  space,  dindcd  by  that  of  the  time; 
and,  in  the  same  way,  the  continuous  force,  according  to  the 
second  consideration,  will  endently  be  measiu*ed  by  the  rela- 
tion between  the  infinitely  small  increment  of  the  velocity,  and 
the  time  employed  in  producing  this  increment. 

Lagrange's  conception  of  transcendental  analysis  excluding 
him  from  tiiis  use  of  the  infinitesimal  metiiod  for  the  establish- 
ment of  the  two  foregoing  dynamic  formulas,  lie  was  led  to  pre- 
sent this  theory  under  another  point  of  A-iew,  more  imjiortant 
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than  seems  to  be  generally  supposed.    In  his  Theory  of  Analy- 
tical Functions,  he  has  shown  that  this  dynamic  consideration 
really  consists  in  conccinng  any  varied  motion  as  compounded, 
each  moment,  of  a  certain  uniform  motion  and  another  mo- 
tion uniformly  varied, — ^likening  it  to  the  vertical  motion  of  a 
Leavy  body  under  a  first  impulsion.    Lagrange  has  not  given 
its  due  advantage  to  this  conception,  by  developing  it  as  he 
might  have  done.    In  fact,  it  supplies  a  complete  theonr  of  the 
assimilation  of  motions,  exactly  like  the  theory  of  the  con- 
tacts of  curves  and  smrfaces,  in  the  department  of  geometry, 
liike  that  theory,  it  removes  the  limits  within  which  we  sup- 
posed ourselves  to  be  confined,  by  disclosing  to  us,  in  an 
abstract  way,  a  much  more  perfect  measure  of  all  varied 
motion  than  we  obtain  by  the  ordinary  theory,  though  reasons 
of  convenience  oompd  us  to  abide  by  the  method  originally 
adopted. 

The  first  case  or  department  of  rational  dyna- 
Motion  of  a  mics,— that  of  the  motion  of  a  point,  or  of  a  body 
which  has  all  its  points  or  portions  affected  by  the 
same  force, — ^relates  to  the  study  of  the  curvilinear  motion  pro- 
duced by  the  simultaneous  action  of  any  different  continuous 
forces.  This  case  dindes  itself  again  into  two, — according  as 
the  mobile  point  is  firce,  or  as  it  is  compelled  to  move  in  a 
single  cun^e,  or  on  a  given  surface.  The  fundamental  theory  of 
cunilinear  motion  may  be  established  in  either  case,  in  a  dif- 
ferent way ;  each  being  susceptible  of  direct  treatment,  and  of 
being  connected  vdth  the  other.  In  the  first  case,  in  order  to 
deduce  the  second,  wc  have  only  to  regard  the  active  or  pas- 
sive resistance  of  the  prescribed  curve  or  surface  as  a  new 
force  .to  be  added  to  the  othcra  proposed.  In  the  other  way, 
we  have  only  to  consider  the  monng  point  as  compelled  to 
describe  the  cun'c  which  it  must  traverse ;  and  this  is  enough 
to  afford  the  fundamental  equations,  though  this  cun-e  may 
then  be  primitively  unknown. 

.  Tlie  other,  more  real  and  more  difficult  case, 

^^  ^*  *^**  ^^  *®  motion  of  a  system  of  bodies  in 

any  way  connected,  whose  proper  motions  are 
altered  by  the  conditions  of  their  connection.  Tlierc  is  a  new 
elementary  conception  about  the  measurement  of  forces  which 
some  geometers  declare  to  be  logically  dalucible  from  antece- 
dent considerations,  and  to  which  they  Mould  assign  the  place 
and  title  of  a  fourth  law  of  motion.     For  the  sake  of  oonve- 
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nienoe  we  may  mi^e  it  into  a  fburtli  law  of  motion')  but  such 
is  not  its  pIiilosophi(»d  character.  The  idea  is,  that  forces 
which  impress  the  same  velocity  on  different  masses  are  to 
each  other  exactly  as  those  masses;  or,  in  other  words,  that 
the  forces  are  proportional  to  the  masses,  as  we  have  seen 
them,  under  the  third  law  of  motion,  to  be  proportional  to 
the  velocities.  AU  phenomena,  such  as  the  communication  of 
motion  by  collision,  or  in  any  other  way,  have  tended  to  con- 
firm the  supposition  of  this  new  kind  of  proportion.  It  evi- 
dently results  from  this,  that  when  we  have  to  compare  forces 
which  impress  different  velocities  on  unequal  masses,  each 
must  be  measured  according  to  the  product  of  the  mass  upon 
which  it  acts  by  the  corresponding  velocity.  This  product  is 
called  by  geometers  quaniiiy  qf  motion;  and  it  determines  the 
percussion  of  a  body,  and  also  the  pressure  that  a  body  may 
exercise  against  anv  fixed  obstacle  to  its  motion. 

Proceeding  to  the  second  dynamical  case,  we  see  that  the 
chciracteristic  difficulty  of  this  order  of  questions  consists  in 
the  way  of  estimating  the  comicction  of  the  different  bodies 
of  the  system,  in  virtue  of  which  their  mutual  reactions  will 
necessarily  affect  the  motions  which  each  would  take  if  alone; 
and  we  can  have  no  a  priori  knowledge  of  what  the  alterations 
will  be.  In  the  case  of  the  .pendulum,  for  instance,  the  par- 
ticles nearest  the  point  of  suspension,  and  those  furthest  from 
it,  must  react  on  each  other  by  their  connection, — ^the  one 
monng  faster  and  the  other  slower  than  if  they  had  been  free ; 
and  no  established  dynamic  principle  exists  revealing  the  law 
which  determines  these  reactions.  Geometers  naturally  Ix^an 
by  laying  down  a  principle  for  each  particular  case;  and  many 
were  the  principles  thus  offered,  which  turned  out  to  be  only 
remarkable  theorems  furnished  simultaneously  by  fundamental 
dynamic  equations.  Lagrange  has  given  us,  in  his '  Analytical 
]\Icclianics,'  the  general  history  of  this  scries  of  labours :  and 
ver}'  interesting  it  is,  as  a  study  of  the  progressive  march  of 
the  human  uitcUcct.  This  method  of  proceeding 
continued  till  the  time  of  D'Alembcrt,  who  put  ^^^JS^  * 
an  end  to  all  these  isolated  researches  by  seeing  P""*^!"®* 
how  to  compute  the  reactions  of  the  bodies  of  a  system  in 
virtue  of  their  connection,  and  establishing  the  fmulamental 
equations  of  the  motion  of  any  system.  By  the  aid  of  the 
great  principle  which  lM^ars  his  name,  he  made  questions  of 
motion  merge  in  simple  questions  of  equilibrium.     Tlie  prin- 

o  8 
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dple  is  simply  this.  In  the  case  supposed^  the  natural  motion 
clearly  divides  itself  into  two^ — ^the  one*  wliich  subsists  and 
the  one  which  has  been  destroyed.  By  D'Alemberf  s  viev^ 
all  these  last,  or,  in  other  words,  all  the  motions  that  have 
been  lost  or  gained  by  the  different  bodies  of  the  system  by 
their  reaction,  necessarily  balance  each  other,  under  the  con- 
ditions of  the  connection  which  characterizes  the  proposed 
system.  James  Bemouilli  saw  this  with  regard  to  uie  parti- 
oilar  case  of  the  pendulum;  and  he  was  led  by  it  to  form  an 
equation  adapted  to  determine  the  ocntro  of  oscillation  of  the 
most  simple  system  of  weight.  But  he  extended  the  resource 
no  further;  and  what  he  £d  detracts  nothing  finom  the  credit 
of  D'Alembcrt's  conception,  the  excellence  of  which  consLsts 
in  its  entire  generality. 

In  lyAlembert's  hands  the  principle  seemed  to  have  a 
purely  logical  character.  But  its  germ  may  be  recognized  in 
the  second  law  of  motion,  establi^ed  by  Newton,  imder  the 
name  of  the  equality  of  reaction  and  action,  lliey  are,  in 
fact,  the  same^  with  regard  to  two  bodies  only  actuig  upon 
each  other  in  the  line  which  connects  them.  The  one  is 
the  greatest  possible  generalization  of  the  other;  and  this 
way  of  regarding  it  brings  out  its  true  nature,  by  giving  it  the 
physical  diaracter  whidi  D'Alembert  did  not  impress  upon  it. 
Henceforth  therefore  we  recognize  in  it  the  second  law  of 
motion,  extended  to  any  number  of  bodies  connected  in  any 
manner. 

We  see  how  every  dynamical  q|uestion  is  thus  convertible 
into  one  of  Statics,  by  forming,  m  each  case,  equations  of 
equilibrium  between  the  destroyed  motions.  But  then  comes 
the  difficulty  of  making  out  what  the  destroyed  motions  aro. 
In  endeavouring  to  get  rid  of  the  embarrassing  consideration 
of  the  quantities  of  motion  lost  or  gained,  Eulcr,  above 
others,  has  supplied  us  with  the  method  most  suitable  for  use, 
— ^that  of  attributing  to  each  bodv  a  quantity  of  motion  equal 
and  eontraiy  to  that  which  it  exhibits,  it  being  evident  that 
if  such  equal  and  contrary  motion  could  be  imposed  upon  it, 
equilibrium  would  be  the  result.  This  method  contemplates 
only  the  primitive  and  the  actual  motions  which  are  the  true 
dements  of  the  dynamic  problem, — ^the  given  and  the  unknown; 
and  it  is  under  this  method  that  D'Alcmbcrt's  principle  is 
habitually  conceived  of.  Questions  of  motion  being  thus  re- 
duced to  questions  of  equilibrium,  the  next  step  is  to  combine 
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D'Alcmbcrt's  principle  with  that  of  ^drtual  velocities.  This  is 
the  combination  proposed  by  Lagrange,  and  developed  in  his 
'Analytical  Mechanics/  vhich  has  carried  up  the  sdence  of 
abstract  l^Iochanics  to  the  highest  degree  of  Ic^cal  perfection^ 
— ^that  is,  to  a  rigorous  unity.  AU  questions  that  it  can  com- 
prehend are  brought  under  a  single  principle,  through  whidi 
the  solution  of  any  problem  whatever  offers  only  analytical 
difficulties. 

D'AIembcrt  immediately  applied  his  principle  to  the  case  of 
fluids — ^liquid  and  gaseous,  which  evidently  admit  of  its  use  as 
well  as  solids,  their  peculiar  conditions  Ixnug  considered.  The 
residt  was  our  obtaining  general  equations  of  the  motion  of 
fluids,  wholly  unknown  hefore.  The  principle  of  virtual  velo- 
cities rendered  this  perfectly  easy,  and  again  left  nothing  to 
be  desired,  in  regard  to  concrete  conridcrations,  and  presented 
none  but  analytical  difficulties.  We  must  admit  however  that 
our  actual  knowledge  obtained  under  this  theory  is  extremely 
imperfect,  owing  to  insurmountable  difficulties  in  the  integra- 
tions required.  If  it  was  so  in  questions  of  pure  Statics, 
much  more  must  it  be  so  in  the  more  complex  dynamical 
questions.  The  problem  of  the  flow  of  a  gravitating  liquid 
through  a  given  orifice,  simple  as  it  appears,  has  never  yet 
been  resolved.  To  simplify  as  far  as  they  could,  geometers 
have  had  recourse  to  Daniel  Bemouilli's  hypothecs  of  the  pa- 
ralleUsm  of  sections,  which  admits  of  o\ur  considering  motion 
in  regard  to  horizontal  laminae  instead  of  i>article  by  particle. 
But  this  method  of  considering  each  horizontal  lamina  of  a 
liquid  as  moring  altogether,  and  taking  the  place  of  the  fol- 
lowing, is  eridently  contrary  to  the  &ct  in  almost  all  cases. 
Tlie  lateitd  motions  are  wholly  abstracted,  and  their  sensible 
existence  imposes  on  us  the  necessity  of  studying  the  motion 
of  each  particle.  We  must  then  consider  the  science  of  hydn>- 
dynamics  as  being  still  in  its  infancy^  e%'en  with  regard  to 
liquids,  and  much  more  with  regard  to  gases.  Yet,  as  uie  fun- 
damental equations  of  the  motions  of  fluids  are  irreversibly 
cstablislied,  it  is  dear  that  what  remains  to  be  acoomphshed  is 
in  the  direction  of  mathematical  analysis  alone. 

Such  is  the  ^f  ethod  of  Rational  ^lechanics.  -^*   p^  u^ 
for  the  great  theoretical  results  of  the  science, — 
tlic  priuci^ial  general  properties  of  equilibrium  and  motion  thus 
far  discovered, — ^thcy  were  at  first  taken  for  real  principles^ 
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each  being  destined  to  fomisli  the  solution  of  a  certain  order 
of  nevf  problems  in  Mechanics.  As  the  systematic  character 
of  the  science  has  come  out  however^  these  supposed  principles 

have  shown  themselves  to  be  mere  theorems, — 
^j^^l^g^  necessary  results  of  the  fundamental  theories  of 

abstract  Statics  and  Dynamics. 

Of  these  theorems,  two  belong  to  Statics.  The 
lAwofrepoM.  jjj^jg^  remarkable  is  that  discovered  by  Torricelli 
with  regard  to  the  equilibrium  of  heavy  bodies.  It  consists 
in  this;  that  when  any  system  of  heavy  bodies  is  in  a  situa- 
tion of  equilibrium,  its  centre  of  gravity  is  necessarily  placed 
at  the  lowest  or  highest  possible  point,  m  comparison  with  all 
the  positions  it  might  take  under  any  other  situation  of  the 

Zstem. — ^Maupertuis  afterwards,  by  his  wcnking  out  of  his 
119  </  repose f  gave  a  large  generalization  to  this  theorem  of 
TorriceOi's,  which  at  once  became  a  mere  particular  case 
under  that  law;  Torricelli's  applying  merely  to  cases  of 
terrestrial  gravitation;  while  that  df  Maupertuis  extends 
throughout  the  whole  sphere  of  the  great  natural  attractive 
forces. 

StalnlitT  and  ^^  Other  general  nroperty  relating  to  equili- 
mfUbOity  of  brium  may  bs  regaraed  as  a  necessary  oomple- 
eqiuHbrium.  mcut  of  the  former.  It  consists  in  tiie  funda- 
mental distinction  between  the  cases  of  stability  and  insta- 
bility of  equilibrium.  There  being  no  such  thing  in  nature 
as  abstract  repose,  the  term  is  applied  here  to  that  state  of 
stable  equilibrium  which  exists  where  the  centre  of  gravity  is 
placed  as  low  as  possible ;  while  unstable  ea  uilibrium  is  that 
which  is  popularly  called  equilibrium;  and  it  exists  when  the 
centre  of  gravity  is  placed  as  high  as  possible.  Maupertuis's 
theorem  consisted  in  this, — that  the  situation  of  equilibrium 
of  any  ^stem  is  always  that  in  which  the  sum  of  vires  vwhb 
(active  forces)  is  a  maximum  or  a  minimum;  and  the  one 
under  notice,  developed  by  Lagrange,  consists  in  this, — ^that 
in  any  system  equilibrium  is  stable  or  unstable  according  as 
the  sum  of  vires  viva  is  a  maximum  or  a  minimum.  Olraer- 
vation  teaches  the  facts  in  the  most  simple  cases;  but  it 
requires  a  large  theory  to  exhibit  to  geometers  that  the  dis- 
tinction is  equally  applicable  to  the  most  compound  systems. 

Proceeding  to  the  tlicorcms  relative  to  dynamics,  the  most 
direct  way  of  establishing  them  is  that  used  by  Lagrange, — 
cxliibiting  them  as  immediate  consequences  of  the  general 
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equation  of  dynamics,  deduced  from  the  combi-  ^^ 

nation  of  D'Alembert's  principle  with  the  prin-   tliSSn?  ^ 
dple  of  \artual  velocities.    The  first  theorem  is 
that  of  the  conservation  of  the  motion  of  the  centre  of  gravity, 
discovered  by  Newton.    Newton  showed  that  the  mutual  ac- 
tion of  the  bodies  of  any  system,  whether  of  at-   0^,0,0^410^ 
traction,  impulsion,  or  an^  other, — ^r^ard  beinf^  of  the  motion 
had  to  the  constant  equality  between  action  ana   of  the  oentn 
reaction, — cannot  in  any  way  affect  the  state  of  ^  g^^' 
the  centre  of  gravity ;  so  that  if  there  were  no  accelerating 
forces  besides,  and  if  the  exterior  forces  of  the  system  were 
reduced  to  instantaneous  forces,  the  centre  of  gravity  would 
remain  immovable,  or  would  move  uniformly  in  a  right  line. 
D'Alcmbert  generalized  this  property,  and  exhibited  it  in  such 
a  form  that  every  case  in  which  the  motion  of  the  centre  of 
gravity  has  to  be  considered  may  be  treated  as  that  of  a  single 
molecule.    It  is  seldom  that  we  form  an  idea  of  the  entire  the- 
oretical generality  of  such  great  results  as  those  of  rational 
Mechanics.  We  think  of  them  as  relating  to  inorganic  bodies, 
or  as  otherwise  circumscribed ;  but  we  cannot  too  carefully 
remember  that  they  apply  to  all  phenomena  whatever;  and  in 
virtueof  this  universality  alone  are  the  basis  of  all  real  science. 

The  second  general  theorem  of  dynamics  is 
the  principle  of  areas,  the  first  perception  of  ^^^^^ 
which  is  attributable  to  Kepler.  In  its  simplest 
form  it  is  this;  that  if  the  accelerating  force  of  any  molecule 
tends  constantly  towards  a  fixed  point,  the  vector  radius  dT 
the  mo\ing  body  describes  equal  areas  in  equal  times  round 
the  fixed  point ;  so  that  the  area  described  at  the  end  of  any 
time  increases  in  proportion  to  the  time :  and  the  reciprocal 
fact  is  dear, — that  the  endcnce  of  the  areas  and  the  times 
proves  the  action  tmon  the  body  of  a  force  directed  towards 
the  fixed  point.  This  discovery  of  Kepler's  is  the  more  re- 
markable for  ha>ing  been  made  before  dynamics  had  boon 
really  created  by  Galileo.  Its  importance  in  astronomy  we 
shall  see  hereafter.  But  though,  in  its  simplest  form,  it  is 
one  of  the  bases  of  celestial  Mechanics,  it  is,  in  fact,  only  the 
simplest  particular  case  of  the  great  general  theorem  of  areas, 
cxliibitcd  in  the  middle  of  the  last  century  by  D'Arcy^Daiiid 
Bcniouilli,  and  Eulcr.  Kepler's  discovery  related  only  to  the 
motion  of  a  point,  while  the  later  one  refers  to  the  motioii 
of  any  system  of  bodies,  acting  on  each  other  in  any  manner 
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-whatever ;  TrWch  constitutes  a  case,  not  only  more  complex, 
but  differentyUHi  account  of  the  mutual  actions  involved.  It 
yields  proof,  however,  that  though  the  area  described  by  the 
vector  radius  of  each  molecule  maiy  be  altered  by  reciprocal 
actions,  the  sum  of  the  areas  described  will  remain  invariable 
in  a  given  time,  and  will  increase  therefore  in  proportion  to 
the  time.  As  the  theorem  of  the  centre  of  gravity  determines 
all  that  relates  to  motions  of  translation,  this  determines  all 
that  relates  to  motions  of  rotation :  and  the  two  together  are 
su£Bcient  for  the  complete  study  of  the  motion  of  any  system 
of  bodies,  in  either  direction.  And  here  comes  in  the  facility 
afforded  by  M.  Poiiisot's  conception — ^referred  to  under  the 
head  of  Statics.  By  substituting  for  the  areas  or  momentum 
of  the  geometers,  the  couples  engendered  by  the  proposed 
forces,  a  philosophical  completeness  is  ^ven  to  the  theory, 
and  a  concrete  value,  and  proper  dynamic  direction,  to  what 
was  before  a  simple  geometrical  expression  of  a  part  of  the 
fundamental  equi2tions  of  motion. 

.  Laplace  elicited  from  the  theory  of  areas  that 

m>emTMiable  dynamic  property  which  he  called  the  uwariable 
plane,  the  consideration  of  which  is  highly  im- 
portant in  celestial  medianics.  It  is  in  the  study  of  astro- 
nomy that  the  importance  fuUy  appears  of  the  determination 
of  a  pluie,  whose  direction  is  unaffected  by  the  mutual  action 
of  different  bodies  in  our  own  solar  system ;  for  we  thus  ob- 
tain a  point  of  reference,  a  necessarily  fixed  term  of  compa- 
rison, by  which  to  estimate  the  variations  of  the  heavenly 
bodies.  We  are  far  from  having  yet  attained  precision  in  the 
determination  of  the  situation  of  this  plane ;  but  this  docs 
not  impair  the  character  of  the  theorem  in  its  relation  to  ra- 
tional ^lechanics.  Again,  we  are  indebted  to  Poinsot,  who,  by 
simplifyuig,  has  once  more  extended  tbe  process  to  which  his 
method  is  applied :  and  he  has  repaired  an  important  omission 
made  by  Laplace,  in  taking  into  the  account  the  smaller  areas 
described  by  satdlites,  and  their  rotation,  and  that  of  the  sun 
itself;  whereas  Laplace  has  attended  only  to  the  larger  areas 
described  by  the  planets  in  thdr  course  round  the  sun. 

Finally,  there  are  Eider's  theorems  of  the  mo- 
j^^JJI^^  ^       ment  qf  inertia,  and  the  principal  axe$,  which 

are  among  the  most  important  general  results  of 
PnmiiMlaxm.   "^^^^'^^l  Mechanics.    By  means  of  these  we  are 

able  to  arrive  at  a  complete  analysis  of  the  mo- 
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tion  of  rotation. — ^By  metois  of  all  the  theorems  just  toadied 
upon,  we  are  pnt  in  the  direct  vfbj  to  determine  the  entire 
motion  of  any  body,  or  system  of  bodies  i^hatcver. — ^Besides 
them,  geometers  have  discovered  some  which  are  less  general^ 
but,  though  by  no  means  indispensable,  yet  very  important 
from  the  simplification  thcv  introduce  into  special  resourdies. 
Students  will  recognize  their  functions,  when  their  mere 
names  are  presented;  which  is  all  that  our  space  allows: — ^I 
refer  to  the  theorem  of  the  conservation  of  active  forces, — 
singularly  important  in  its  applications  to  industrial  Me- 
chanics :  the  theorem,  improperly  caUed  the  principle  of  the 
least  action,  as  old  as  Ptolemy,  who  observed  that  reflected 
light  takes  the  shortest  way  from  one  point  to  another, — an 
ohBervation  which  was  the  basis  of  Maupertuis'  disooveiy  of 
this  property :  and  lastly,  a  theorem  not  usuallv  classed  with 
the  ^rcgoing,  yet  worthy  of  no  less  esteem, — ^the  theorem  of 
the  co-existence  of  stnall  oscUlatums,  of  Daniel  BemouiUi. 
This  diBCOvery  is  as  important  in  its  physical  as  its  logical 
bearings ;  and  it  explains  a  multitude  of  facts  which,  dourly 
known,  could  not  be  referred  to  their  prindplcs.  It  consists 
in  showing  that  the  infinitdy  small  osdllations  caused  by  the 
return  of  any  system  of  forces  to  a  state  of  stable  equilibrium 
coexist  witliout  interference,  and  can  be  treated  separatdy. 

This  reference  to  the  principal  general  theorems  hitherto 
discovered  in  Rational  Mechanics  concludes  our  review  of  the 
second  branch  of  Concrete  Mathematics. 

As  for  our  review  of  the  whole  sdenoe,  I  wish   ^-,   . 
I  could  better  have  communicated  my  own  pro-  """^^ 

found  sense  of  the  nature  of  this  immense  and  admirable 
sdehce,  which,  the  necessary  basis  of  the  whole  of  Positive 
Philosophy,  constitutes  the  most  unquestionable  proof  of  the 
compass  of  the  human  intellect.  But  I  hope  that  those  who 
have  not  the  misfortune  to  be  w*holly  ignorant  of  this  funda- 
mental sdcnce  may,  according  to  the  process  of  thought 
which  I  have  indicated,  attain  some  clear  idea  of  its  philoso- 
pliical  character. 

To  preserve  complete  the  philosophical  arrangement  of 
Mathematics  in  its  present  state,  I  ought  to  consider  here  a 
tlm*d  branch  of  Concrete  Mathematics ; — ^the  application  of 
analysis  to  thcrmological  phenomena,  according  to  the  dis- 
coveries of  Fourier.      But,  to  avoid  too  great  a  breach  of 
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costomarj  arrangement,  I  have  reserved  the  subject,  and  shall 
place  Thermology  among  the  departments  of  Physics. 

Mathematical  philosophy  being  now  oompletdy  charactor- 
iied,  we  shall  proceed  to  examine  its  application  to  the  study 
of  Natural  Phenomena,,  in  their  various  orders,  ranked  accord- 
ing to  their  degree  of  simplicity.  By  this  character  alone  can 
they  cast  light  back  again  upon  the  science  which  explains 
them;  and  under  this  character  alone  can  they  be  suitably 
estimated.  According  to  the  natural  order  laid  down  at  the 
b^inning,  we  now  proceed  to  that  class  of  phenomena  with 
which  Mathematics  is  most  concerned, — the  phenomena  of 
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BOOKH. 
ASTRONOMY. 


CHAPTER  I. 

GEKEBAL  VIEW. 

It  is  easy  to  describe  clearly  the  character  of  j^  natuw. 
astronomical  science,  from  its  being  thoroughly 
separated,  in  our  time,  fit>m  all  theological  and  metaphysical 
influence.  Looking  at  the  simple  facts  of  the  case,  it  is  evi- 
dent that  though  three  of  our  senses  take  cognizance  of  distant 
objects,  only  one  of  the  three  perceives  the  stars.  The  blind 
could  know  nothing  of  them ;  and  we  who  see,  after  all  our 
preparation,  know  nothing  of  stars  hidden  by  distance,  except 
oy  induction.  Of  all  objects,  the  planets  are  those  which 
appear  to  us  under  the  least  varied  aspect  We  see  how  we 
may  determine  their  forms,  their  distances,  their  bulk,  and 
their  motions,  but  we  can  never  know  anything  of  their  che- 
mical or  mineralogical  structure ;  and,  much  less,  that  of 
organized  beings  Uving  on  their  surface.  We  may  obtain 
positive  knowl^ge  of  their  geometrical  and  mechamcal  phe- 
nomena ;  but  all  physical,  chemical,  physiological,  and  social 
researches,  for  which  our  powers  fit  us  on  our  own  earth,  are 
out  of  the  question  in  regard  to  the  planets.  Wliate^'cr  know- 
ledge is  obtainable  by  means  of  the  sense  of  Sight,  we  may  hope 
to  attain  ^-ith  regard  to  the  stars,  whether  we  at  present  see 
the  method  or  not ;  and  whatever  knowledge  requires  the  aid  of 
other  senses,  we  must  at  once  exclude  from  oiur  expectations, 
in  spite  of  any  appearances  to  the  contrary.    As  to  questions 
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about  irbicli  we  are  uncertain  whether  they  finally  depend  on 
Sight  or  not^ — we  must  patiently  wait^  for  an  ascertainment 
of  their  character,  before  we  can  settle  whether  they  are 
applicable  to  the  stars  or  not.  The  only  case  in  which  this 
rule  ^ill  be  pronounced  too  severe  is  that  of  questions  of 
temperatures.  The  mathematical  thermolc^  created  by 
Fourier  may  tempt  us  to  hope  that,  as  he  has  estimated  the 
temperature  of  the  space  in  which  we  move,  we  may  in  time 
ascertain  the  mean  temperature  of  the  heav^v  bodies :  but  I 
regard  this  order  of  facts  as  for  ever  excluded  irom  our  recog- 
nition. We  can  never  learn  their  internal  constitution,  nor, 
in  regard  to  some  of  them,  how  heat  is  absorbed  by  their 
atmosphere.  Newton's  attempt  to  estimate  the  temperature 
of  the  comet  of  1680  at  its  perihelion  could  accomplish  nothing 
more,  even  with  the  science  of  our  day,  than  show  what  would 
be  the  temperature  of  our  globe  in  the  circumstances  of  that 
. .  comet.    We  may  therefore  define  Astronomy  as 

"^^^^  the  science  by  which  we  discover  the  laws  of  the 
geometrical  and  mechanical  phenomena  presented  by  the 
heavenly  bodies. 

^^^.  It  is  desirable  to  add  a  limitation  which  is  im- 

^*^*^  portant,  though  not  of  primary  necessity.  The 
part  of  the  science  which  wc  command  firom  what  we  may  call 
the  Solar  point  of  view  is  distinct,  and  evidently  capable  of 
being  made  complete  and  satisfactory;  while  that  which  is 
regarded  firom  the  Universal  point  of  view  is  in  its  infancy  to 
us  now,  and  must  ever  be  illimitable  to  our  successors  of  the 
remotest  generations.  MeA  -mil  never  compass  in  their  con- 
ceptions the  whole  of  the  stars.  The  dificrence  is  very  striking 
now  to  us  who  find  a  perfect  knowledge  of  the  solar  system  at 
our  command,  while  we  have  not  obtained  the  first  and  most 
simple  element  in  sidereal  astronomv — the  determination  of 
the  stellar  intervals.  Whatever  may  be  the  ultimate  propcss 
of  our  knowledge  in  certain  portions  of  the  larger  ficlt^  it 
will  leave  us  always  at  an  immeasurable  distance  from  under- 
standing the  miiveiMi 

Throughout  the  whole  ranse  of  science,  there  exists  a  con- 
stant and  necessary  harmony  between  our  needs  and  our  know- 
ledge. We  shall  find  this  to  be  true  evcry^vherc.  The  fact  is, 
we  need  to  know  only  what,  in  some  way  or  other,  acts  iiix)n 
us ;  and  the  influence  which  acts  upon  us  becomes,  in  turn, 
our  means  of  knowledge.    This  is  eridcntly  and  remarkably 


Y     '.     .  1I£AN8  OF  A8TBONOMICAL   INVESTIGATIOK.  139 


J 


true  in  Kgard  to  Astronomj.  It  is  of  the  highest  importanoe 
to  us  to  know  the  laws  of  the  solar  system :  and  we  have 
attained  great  precision  with  r^ard  to  them;  but,  if  the 
knowledge  of  the  starry  universe  is  forlndden  to  us,  it  is  clear 
that  it  is  of  no  real  consequence  to  us,  except  as  a  gratification 
of  our  curiosity.  The  interior  mechanism  of  each  solar  si^stem 
is  essentially  independent  6[  the  mutual  action  of  distant 
Sims ;  as  it  may  wdl  be,  considering  the  distance  of  these  suns 
from  each  other,  in  comparison  with  tlie  distance  of  planets 
from  their  suns.  Our  tables  of  astronomical  events,  con- 
structed in  advance,  proceed  on  the  supposition  of  there  bdng 
no  other  system  than  our  own ;  and  they  agree  with  our  direct 
observations,  precisely  and  necessarily.  This  is  our  proper 
field ;  and  we  must  remember  that  it  is  so.  We  must  keep 
carefully  apart  the  idea  of  the  solar  system  and  that  of  the 
universe,  and  be  always  assured  that  our  only  true  interest  is 
in  the  former.  Within  this  boundary  alone  is  astronomy  the 
supreme  and  positive  science  that  we  have  determined  it  to  be ; 
and,  in  fact,  the  innumerable  stars  that  are  scattered  through 
space  sen'c  us  scientifically  only  as  providing  positions  which 
may  be  called  fixed,  with  which  we  may  compare  the  interior 
movements  of  our  system. 

We  shall  find,  as  we  proceed  through  the  whole 
gradation  of  the  science,  that  the  more  complex   ^^j^**' 
the  science,  the  more  various  are  the  means  of 
exploration ;  whereas,  it  does  not  at  all  follow,  as  we  shall  see, 
that  the  completeness  of  the  knowledge  obtained  is  in  any 
proportion  to  the  abundance  of  our  means.     Our  knowledge 
of  astronomy  is  more  perfect  than  that  of  any  of  the  sciences 
which  follow  it ;  yet  in  none  are  our  means  of  exploration  so 
few. 

The  means  of  exploration  are  tliree :— direct  observaMon ; 
observation  by  experiment;  and  observation  by  comparison. 
In  the  first  case,  we  look  at  the  phenomenon  before  our  eyes ; 
in  the  second,  we  see  how  it  is  modified  by  artificial  circum- 
stances to  which  we  have  subjected  it ;  and  in  the  third,  we 
contemplate  a  series  of  analogous  cases,  in  which  the  pheno- 
menon is  more  and  more  simplified.  It  is  only  in  the  case  of 
organized  bodies,  whose  phenomena  arc  extremely  difficult  of 
access,  that  all  the  three  methods  can  be  employed ;  and  it  is 
crideut  that  in  astronomy  we  can  use  only  the  first  Experi- 
ment is,  of  course,  impossible;    and  comparison  could  take 
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place  only  if  we  were  familiar  with  abundance  of  solar  ay- 
stema,  wliich  is  equally  out  of  the  question.  Eyen  simple 
observation  is  reduced  to  the  use  of  one  sense, — ^tbat  of  sight 
alone.  And  again,  even  this  sense  is  very  little  used.  Reason* 
ing  bean  a  greater  proportion  to  observation  here,  than  in  any 
science  that  follows  it;  and  hence  its  highintellectnal  dignity. 
To  measure  angles  and  compute  times  are  the  only  methods 
by  which  we  can  discover  ^e  laws  of  the  heaveidy  bodies; 
and  thq^  are  enough.  The  few  incoherent  sensations  con- 
cerned would  be,  of  themselves,  very  insignificant;  they  could 
not  teach  us  the  figure  of  the  earth,  nor  the  path  of  a  planet. 
They  are  combined  and  rendered  serviceable  by  long-drawn 
and  complex  reasonings ;  so  that  we  might  truly  say  that  the 
-  phenomena,  however  real,  are  constructed  by  our 

understanding.  The  simplicity  of  the  phenomena 
to  be  studied,  and  the  difficulty  of  getting  at  them,  constitute, 
by  their  combination,  the  eminently  mathematical  character 
of  the  science  of  astronomy.  On  the  one  hand,  the  perpetual 
necessity  of  deducing  firom  a  small  number  of  direct  measures, 
whether  angular  or  horary,  quantities  which  are  not  themselves 
immediately  observable,  ^renders  the  use  of  abstract  mathe- 
matics indispensable  ;  while,  on  the  other  hand,  astronomical 
questions  being  always,  in  themselves,  problems  of  geometry, 
or  else  of  mechanics,  must  fall  into  the  department  of  con- 
crete mathematics.  Again,  the  regularity  of  astronomical 
forms  admits  of  geometrical  treatment ;  and  the  simplicity  of 
astronomical  movements  admits  of  mechanical  treatment  with 
a  very  high  degree  of  precision.  There  is  perhaps  no  analyti- 
cal process,  no  geometrical  or  mechanical  doctrine,  which  is 
not  employed  in  astronomical  researches,  and  many  of  them 
have  as  yet  had  no  other  aim.  Considering  the  simple  nature  of 
astronomical  investigations,  and  the  easy  application  to  them 
of  mathematical  means,  it  is  evident  why  astronomy  is,  by 
common  consent,  placed  at  the  head  of  the  natural  sciences. 
It  deserves  this  place,  first,  by  the  perfection  of  its  scientific 
character;  and,  next,  by  the  preponderant  importance  of  the 
laws  which  it  discloses. 

Passing  over,  for  the  present,  its  utility  in  the  measurement 
of  time,  the  exact  description  of  the  globe,  and  the  perfecting 
of  nangation,  which  arc  not  circumstances  that  could  deter- 
mine its  rank,  we  may  just  obsei%'C  that  it  affords  an  instance 
of  the  necessity  of  the  loftiest  scientific  speculations  to  the 
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When  itbe- 


satisfaction  of  the  most  ordinary  wants.  Hipparcbus  began 
to  apply  astronomical  theory  to  the  finding  die  longitude  at 
Bea.  A  prodigious  amomit  of  geometrical  science  has  gone  to 
improve  our  tables  of  longitude  up  to  their  present  point ;  and 
if  we  cannot  now  get  within  half-a-dozen  miles  of  a  true  esti- 
mate in  the  seas  under  the  line,  it  is  for  want  of  more  sdenoe 
stiU. 

Those  who  say  that  science  consists  in  an  accumulation  of 
observed  facts  may  here  see  how  imperfect  is  their  account  of 
the  matter.  The  Chaldeans  and  Egyptians  ooUected  fiusts 
fix>m  observation  of  the  heavens ;  but  there  was 
no  astronomical  science  till  the  early  Greek  phi- 
losophers referred  the  diurnal  movement  to  geo- 
metrical laws.  The  aim  of  astronomical  researches  was  to 
establish  what  would  be  the  state  of  the  sky  at  some  future 
time;  and  no  accumulation  of  tacts  could  effect  this,  till  the 
facts  were  made  the  basis  of  reasonings.  Till  the  rising  of 
the  sun,  or  of  some  star,  could  be  accurately  predicted,  as  to 
time  and  place,  there  was  no  astronomical  science.  Its  whole 
progress  since  has  been  by  introducing  more  and  more  certainty 
and  precision  into  its  predictions,  and  in  using  smaller  and 
smaller  data  from  direct  observation  for  a  more  and  more 
distant  prevision.  No  part  of  natural  philosophy  manifests 
more  strikingly  the  truth  of  the  axiom  that  all  science  hoM 
prevision  for  its  etid:  an  axiom  which  separates  science  from 
erudition,  which  relates  the  events  of  the  past,  without  any 
regard  to  the  future. 

However  impossible  may  be  the  aim  to  reduce 
the  phenomena  of  the  respective  sciences  to  a  ginguTlwr.*^* 
single  law,  supreme  in  each,  this  should  be  the 
aim  of  pliilosophers,  as  'it  is  only  the  imperfection  of  our 
knowledge  which  prevents  its  accomplishment.  The  perfection 
of  a  science  is  in  exact  proportion  to  its  approach  to  this  con- 
summation ;  and,  according  to  this  test,  astronomy  distances 
all  other  sciences.  Supposing  it  to  relate  to  our  solar  system 
alone,  the  point  is  attained ;  for  the  single  general  law  of 
grantation  comprehends  the  whole  of  its  phenomena.  It  is 
to  tliis  that  we  must  recur  when  we  wish  to  show  what  we 
mean  by  the  explanation  of  a  phenomenon,  without  any  in- 
quiry into  its  first  or  final  cause ;  and  it  is  here  that  we  learn 
the  true  character  and  conditions  of  scientific  hypothesis, — 
no  other  science  having  applied  this  powerful  instrument  so 
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extensively  or  so  usefully.  After  ba^dng  exhibited  these  great 
general  properties  of  astronomical  philosophv,  I  shall  apply 
them  to  perfect  die  philosophical  character  of  the  other  prin- 
cipal sciences. 

Regarding  astronomical  science^  apart  from  its  method^  and 
vnth  a  view  to  the  natural  laws  which  it  discloses,  its  pie- 
eminence  is  no  less  incontestable.  I  have  always  admired,  as 
a  stroke  of  philosophic  genius,  Newton's  title  of  his  treatise 
on  Celestial  Mechanics, — 'The  Mathematical  Principles  of 
Natural  Philosophy;'  for  it  would  be  impossible  to  indicate 
with  a  more  energetic  conciseness  that  the  general  laws  of 
astronomical  phenomena  are  the  basis  of  all  our  real  know- 
ledge 

We  may  see  at  a  glance  that  astronomy  is  in- 
ShCT^tcleDcct.  dcpe^^®^*  o^  ^  ^^  natural  sciences,  depending 
"^^"^  on  Mathematics  alone :  and  though,  philosophi- 
cally speaking,  we  put  Mathematics  at  the  head  of  the  whole 
series,  we  practically  regard  it  less  as  a  natural  science  of  itself 
(firom  the  paucity  of  phenomena  which  it  presents  to  obsen-a- 
tion)  than  as  the  repository  of  principles  by  which  the  natural 
sciences  are  interpreted  and  investigated.  Philosophically 
speaking,  astronomy  depends  on  Alathcmatics  alone,  owing 
nothing  to  Physics,  Chemistry,  or  Physiol(^,  which  were 
dther  undiscovered,  or  lost  in  theological  and  mctaph}^ical 
confusion,  while  astronomy  was  a  true  science  in  the  hands  of 
the  ancient  geometers.  But  the  phenomena  of  the  other 
sciences  are  dependent,  naturally  as  well  as  systematically,  on 
astronomical  facts,  and  can  be  perfectly  studied  only  through 
astronomy.  We  cannot  thoroughlv  understand  any  terrestrial 
phenomenon  without  considering  what  our  globe  is,  and  what 
part  it  bears  in  the  solar  system,  as  its  situation  and  motions 
affect  the  conditions  of  everything  upon  it ;  and  what  would 
become  of  our  physical,  chemical,  and  physiological  ideas,  with- 
out consideration  of  the  law  of  gravitation  ?  In  the  remotest 
case  of  all,  that  of  Social  phenomena,  it  is  certain  that  changes 
in  the  distance  of  the  earth  firom  the  sun,  and  consequently  in 
the  duration  of  the  year,  in  the  obliquity  of  the  ecliptic,  etc., 
which  in  astronomy  would  merely  momfy  some  coefficients, 
would  largely  affect  or  completely  destroy  our  social  develop- 
ment. It  is  no  exaggeration  to  say  that  Social  physics  would 
be  an  impossible  science,  if  geometers  had  not  shown  us  that 
the  perturbations  of  our  solar  system  can  never  be  more  than 
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gradual  and  restricted  oscillationB  round  a  mean  condition 
which  is  invariable.  If  astronomical  conditions  were  liable  to 
indefinite  variations^  the  human  existence  >vhich  depends  upon 
them  could  never  be  reduced  to  laws. 

Not  less  important  is  the  influence  of  astronomical  sdence 
on  our  own  intelligence.    It  has  done  much  more  than  relieve 
us  from  superstitious  terrors  and  absurd  notions  about  comets 
and  edipscs,  —  notions  which,  as  Laplace  obser\*ed,  would 
spring  up  again  immediately  if  our  astronomy  were  forgotten. 
This  science  has  done  much  more  for  our  understandings  than 
that.      It  has  done  more  than  anv  other  pursuit — simply  be- 
cause it  is  the  most  scientific  of  all — ^to  expose  and  destroy  the 
doctrine  of  final  causes,  which  is  generally  regarded  by  the 
modems  as  the  basis  of  every  religious  system,  though  it  is  in 
&ct  a  consequence  and  not  a  cause.     TIic  knowledge  of  the 
motion  of  the  earth  has  overthrown  the  very  foundation  of 
the  doctrine,  which  supposed  the  imiverse  to  be  subordinated 
to  our  globe,  and  therefore  to  ^lan.      Since  Nem-ton's  tim^ 
the  development  of  celestial  Mechanics  has  deprived  theolo- 
gical philosophy  of  its  principal  intellectual  office,  by  pro^dng 
that  the  order  maintained  tliroughout  our  system  and  the 
whole  imiverse  is  by  the  simple  graritation  of  its  parts.      If 
we  took  an  a  priori  view,  we  should  say  that,  as  we  exist,  our 
system  must  be  such  as  to  admit  of  our  existence;  and  one 
necessary  condition  of  this  is  such  a  degree  of  stability  in  our 
system  as  we  actually  find.      Tliis  stability  we  scientifically 
perceive  to  be  a  simple  consequence  of  mechanical  laws  work- 
ing among  the  incidents  of  our  system, — the  exti'cmdy  small 
planetary  bodies  in  their  relation  to  the  larger  sun;  the  small 
eccentricity  of  their  orbits,  and  moderate  inclination  of  their 
planes ;  which  incidents,  again,  are  necessary  consequences  of 
the  mode  of  formation  of  the  entire  system.    The  stability  by 
virtue  of  which  we  hold  our  existence  is  not  found  in  the  case 
of  comets,  whose  perturbations  are  not  only  great,  but  liable 
to  indefinite  increase;   and  their  being  inhabited  is  incon- 
ceivable.    Thus,  the  doctrine  of  final  causes  would  be  reduced 
to  the  truism  that  there  are  no  inhabited  bodies  in  our  system 
but  those  which  are  habitable.     This  brings  us  back  to  the 
principle  of  the  conditions  of  existence,  wliidi  is  the  true  posi- 
tive transformation  of  the  doctrine  of  final  causes,  and  of  fSeur 
superior  scope  and  profit  in  every  way. 
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We  have  next  to  consider  the  diirisions  of  the 
^^^^^  science.  These  arise  immediately  out  of  the  fact, 
science.  ^^^  familiar  to  us,  that  astronomical  phenomena 
are  cither  geometrical  or  mechanical.  They  are  Celestial  Geo- 
metry, ifhich  is  still  called  Astronomy,  firom  its  ha^iag  pos- 
sessed a  sdentiiic  character  before  the  other;  and  Celestial 
Mechatdcs,  of  which  Newton  was  the  immortal  founder. 
Though  our  business  is  with  our  own  system,  the  same  divi- 
sion est^ids  to  Sidereal  astronomy,  supposing  that  kind  of 

exploration  to  be  within  our  power.  As  before, 
Q^j^^^  we  see  geometry  to  be  more  simple  in  its  pheno- 
^^"^'  mena  tl^  mechanics,  and  that  mechanics  is  de- 
pendent on  geometry,  without  redprodtv.  In  fEtct,  men  were 
successfully  inquiring  into  the  forms  and  sizes  of  the  heavenly 
bodies,  and  studying  their  geometrical  laws,  before  anything 
was  Iwown  of  the  forces  which  changed  their  positions. 

Whereas,  the  province  of  Celestial  Alechanics  is 
Ste^^ci.       ^  analyse  the  motions  of  the  stars,  in  order  to 

refer  them,  by  the  rules  of  Bational  Mechanics^ 
to  the  elementary  motions  n^ulated  by  a  universal  and  in- 
variable mathematical  law ; — ^thence,  again,  departing  to  perfect 
the  knowledge  of  real  motions  by  scientifically  determining 
them  &  priori,  taking  fix>m  observation  the  necessary  data — ^the 
fewest  possible — ^for  the  calculations  of  general  mecnanics.  This 
is  the  link  by  which  astronomy  and  physics  are  connected,  and 
connected  so  closely  that  some  great  phenomena  render  the 
transition  almost,  insensible ;  as  in  the  theory  of  the  Tides. 
But  it  is  evident  that  the  whole  reality  of  celestial  mechanics 
consists  in  its  having  issued  from  the  exact  knowledge  of  true 
movements,  furnish^  by  celestial  geometry.  It  was  for  want 
of  this  point  of  departure  that  all  attempts  before  the  time  of 
Newton,  even  Descartes^  however  valuable  in  other  ways, 
failed  to  establish  systems  of  celestial  mechanics.  This  divi- 
sion of  the  science  into  two  parts  has  therefore  nothing  arbi- 
trary in  it,  nor  even  scholastic :  it  is  derived  from  the  nature 
of  the  science,  and  is  at  once  historical  and  dogmatia  As 
for  the  subdivisions,  we  need  not  trouble  oursdves  with  them 
now. 

In  regard  to  the  point  of  view  firom  which  the  sdenoe  should 
be  regarded,  Lacaille  thought  it  would  simplify  matters  ex- 
trcmdy  to  place  his  observer  on  the  surface  of  the  sun.  And 
so  it  would,  if  the  thing  could  be  done  in  accordance  with 
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positive  knowledge ;  but  undoubtedly  the  solar  station  should 
be  the  ultimate  and  not  the  original  one,  under  a  rational 
system  of  astronomical  study.  And  \rhen^  as  in  the  case  of 
this  irork^  the  object  is  the  analysis  of  the  scientific  method, 
and  the  obsen^ation  of  the  logical  filiation  of  the  leading 
scientific  ideas,  it  matters  less  to  obtain  a  clearer  exposition  of 
general  results  than  to  adhere  to  the  positive  method. 

I  suppose  my  readers  to  be  well  acquainted  with  the  two 
fundamental  facts  of  the  diurnal  and  annual  rotation  of  our 
globe,  as  data  without  wliich  nothing  could  be  clearly  under* 
stood  of  the  essential  methods  and  general  results  of  astrono- 
mical science.  I  am  not  giving  a  treatise  on  astronomy,  nor 
even  a  summary ;  but  a  series  of  philosophical  considerations 
upon  the  different  parts  of  the  science,  in  which  any  extended 
special  exposition  would  be  misplaced. 

We  must  first  see  what  methods  of  observation  astronomers 
need,  and  are  possessed  of. 
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CHAPTER  II. 

METHODS  OF  STUDY  OF  ASTBOXOHY. 

SECTION  I. 
INSTRUMENTS. 

All  astronomical  observation  is,  as  we  have  seen, 
OlMerratum.  comprehended  in  the  measurement  of  times  and 
of  angles.  The  two  considerations  concerned  in  attaining  the 
great  perfection  we  have  reached  are  the  perfecting  the  in- 
struments, and  the  application  by  theory  of  certain  corrections, 
without  which  their  precision  would  be  misleading. 
QhAA^wm  '^^  observation  of  shadows  was  the  first  re- 

ShadowB.  gource  of  astronomers,  when  the  rectilinear  pro- 

pagation of  light  was  established.  Solar  shadows,  and  also 
lunar,  were  vc^  valuable  in  the  beginning;  and  much  was 
obtained  from  the  simple  device  of  a  style,  so  fixed  as  to  cast 
a  shadow  corresponding  with  the  diurnal  rotation  to  be  ob- 
sen'cd :  but  the  alterations  rendered  necessary  by  the  annual 
motion,  and  impossible  to  make  on  that  apparatus,  rendered 
the  instrument  unfit  for  precise  observations.  Again,  by  com- 
paring the  length  of  the  shadow  cast  by  a  vertical  style  with 
the  height  of  the  style,  the  corresponding  angular  distance  of 
the  sun  from  the  zenith  was  computed :  and  a  valuable  method 
this  was :  but  the  penumbra  rendered  the  accurate  mcasm*c- 
ment  of  the  shadow  impossible.  Tlie  difficulty,  aggravated 
by  its  unequal  amount  at  difierent  distances  from  the  zenitli, 
was  partly  rcmov(id  by  the  use  of  very  large  gnomons;  but 
not  completely.  These  imperfections  determined  astronomers 
to  get  rid  as  soon  as  possible  of  the  process  of  gnomonic 
measTurement.  Shadows  will  always  be  at  hand  to  measure 
by  when  better  means  are  wanting :  and  one  application  of 
this  instrument  remains  m  our  obsen-atorics, — as  the  basis  of 
the  meridian  line>  regarded  as  dividing  into  two  equal  parts 
the  angle  formed  by  the  horizontal  shadows  of  the  same  length 
which  correspond  to  the  two  equivalent  parts  of  the  same  day. 
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In  this  case,  the  penumbra  is  harmless,  as  it  affects  the  two 
parts  equally;  and  as  for  the  obliquity  of  the  sun's  motion, 
that  may  be  mainly  got  rid  of  by  choosing  the  period  of  cither 
solstice, — e8i)ecia]ly  the  summer  one.  It  is  easy,  too,  to  rec- 
tLTy  the  observation  by  the  stars. 

Proceeding  to  more  exact  methods,  and,  first,  with  regard 
to  measurement  of  time,  it  is  clear  that  the  most  perfect  of 
all  chronometers  is  the  sky.   It  seems  as  if  it  would  be  enough, 
after  knowing  precisely  the  latitude  of  one's  observatory,  to 
measure  the  distance  of  any  star  firom  the  zenith,  and  leam 
its  horary  angle,  and,  as  an  immediate  consequence,  the  time 
that  has  elapsed,  by  resohing  the  spherical  triangle  formed  by 
the  pole,  the  zenith,  and  the  star.    If  a  sufficiently  wide  o1>- 
sen-ation  of  this  kind  had  been  made,  and  numerical  tables 
formed  for  certain  selected  stars,  great  results  might  have  been 
obtained  from  this  natural  method ;  but  it  is  insufficient ;  and 
it  has  the  defect  of  making  the  measure  of  time  depend  on 
that  of  angles,  which  is  the  least  perfect  of  the  two,  in  our 
day.    This  method  is  therefore  used  only  in  the  absence  of  a 
better,  as  in  nautical  astronomy;  and  its  commonest  senioe  is 
in  regulating  other  clironometers,  by  a  comparison  with  that  of 
the  heavens  themselves.     Artificial  methods  of  measuring 
time  are  therefore  indispensable  in  astronomy. 

Every  phenomenon  which  exhibits  continuous 
change  might  sen^e,  in  a  rough  way,  to  mark    ^^3^ 
time:  various  chemical  processes,  or  even  the 
beating  of  our  own  pulses,  might  afford  a  measure,  more  or 
less  inaccurate :   astronomical  phenomena  are  excluded,  be- 
cause they  are  what  we  want  to  mcasiure :  and  we  therefore 
have  recourse  to  physical  means,  and  find  weight  the  best 
Tlie  ancients  tried  it  in  the  form  of  the  flow  of  liquids;  and 
to  water  clocks  succeeded  the  hour-glass ;  but  the  imccrtainty 
of  these  led  to  solids  being  preferred;  and  in  the  form  of 
weight  having  a  vertical  descent.    By  no  care,  however,  could 
the  disturbances  caused  by  natural  forces  be  remedied,  till 
Galileo,  by  his  creation  of  rational  dynamics,  suggested  the 
pendulum.    AATiethcr  it  is  or  is  not  correct  to 
assign  to  Galileo  the  idea  of  using  tlie  pendulum  ThapenduluiiL 
as  a  measurer  of  time,  it  is  certain  that  his  discoveries  sug- 
gested it,  and  that  Huyghens  enabled  us  to  use  it.     He  b^ 
recourse  to  the  highest  principles  of  science  to  render  this 
serviee,    and   discovered   the  principle  of  vires  vivse,  which, 
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besides  being  scientifically  indispensable,  afforded  to  art  new 
means  of  modifying  osciUations  without  changing  the  dimen- 
sions of  the  apparatus.  Considered  as  a  collection  of  disco- 
veries for  a  single  aim^  Huygheus'  treatise  De  Horologio  oscil- 
latorio,  is  perhaps  the  most  i^emarkablc  example  of  special  re- 
searches that  the  history  of  the  human  mind  has  yet  exhibited. 
From  that  time,  the  perfecting  of  astronomical  docks  became 
merely  a  matter  of  art.  In  regard  to  fixed  clocks^  two  things 
have  to  be  attended  to; — the  diminution  of  friction,  by  im- 
proved methods  of  suspension,  and  the  correction  by  a  com- 
pensating apparatus  of  irregularities  caused  by  variations  of 
temperature.  As  for  portable  clironometers,  worked  by  a 
spiral  spring,  they  are  a  marvellous  invention;  but  they  be- 
long to  the  pronnoe  of  art,  and  not  science. 

In  regai*d  to  the  measurement  of  angles,  it  is 
2f*^SS^*  dear  that  an  instrument  which  would  admit  of  an 
allowance  for  minutes  and  seconds,  must  be  of  a 
size  incompatible  with  minute  prcdsion.  It  must  always  be 
that  large  apparatus  must  be  so  affected  in  its  weight  and 
temperature  as  to  be  impaired  in  its  accuracy.  The  large 
telescopes  of  modern  times  are  intended  to  show  us  stars 
otherwise  invisible :  and  no  one  thinks  of  using  them  for  pur- 
poses of  predse  measurement.  It  is  generally  agreed  now 
that  instruments  for  measuring  angles  should  not  be  more 
than  ten  feet  in  diameter  when  we  are  dealing  with  an  entire 
circle;  and  they  are  usually  not  more  than  six  or  seven. 
The  wonder  then  is  how  we  ai-e  to  estimate  angles  to  a  second, 
as  we  do  every  day,  with  cirdes  whose  size  would  scarcdy  in- 
dicate minutes.  It  is  done  by  the  concurrent  use  of  three 
methods, — the  eye-piece,  the  use  of  the  vernier  (so  called 
after  its  inventor),  and  the  repetition  of  angles. 

It  was  long  before  it  occurred  to  astronomers  to  use  their 
lenses  for  any  other  purpose  than  the  discovery  of  new  objects : 
but  at  last  it  occurred  to  them  to  replace  the  andent  transoms 
and  modem  sights  by  an  eye-piece  wliich  should  secure  the 
advantages  without  the  inaccuracies  of  a  large  instrument. 
Morin  first  made  this  use  of  a  lens.  Anzout  followed  \ai\\ 
his  invention  of  the  reticle ;  and,  a  century  after,  DoUcmd 
gave  us  a  )x)wcr  of  absolute  prcdsion  by  his  invention  of 
the  achromatic  object-glass.  Vernier  proposed  in  1G31  to  di- 
vide intcn-als  into  parts  much  more  minute  than  coidd  be 
marked.     lie  enabled  us  to  ascertain  angles,  within  half  a 
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minute,  or  circles  divided  only  into  sixth-parts  of  a  degree. 
The  precision  obtainable  by  his  simple  apparatus  is  indefinite, 
being  limited  only  by  our  difficulty  in  detecting  the  coind- 
deuce  of  the  line  of  the  vernier  with  that  of  the  limb.     The 
union  of  the  third  method  with  these  two  gives  us  the  perfec- 
tion we  have  attained.    It  is  strange  that  we  should  have  been 
so  long  in  perceiving  that,  the  imperfection  of  angular  instru- 
ments having  nothing  to  do  with  the  dimensions  of  the 
angle  to  be  measured,  we  should  gain  much  by  increasing,  in 
fixed  proportions,  the  magnitude  of  the  angles,  which  is  equi* 
valcnt  to  diminishing  the  imperfection  of  the  instrument. 
The  repetition  of  angles  served  every  purpose  immediately^ 
with  regard  to  terrestrial  objects,  on  account  of  the  steadiness 
of  the  point  of  view ;  but  there  was  the  difficulty,  with  r^ard 
to  the  heavenly  bodies,  of  their  perpetual  change  of  place. 
BordA  applied  himself  to  measure  the  distance  from  the  zenith 
of  the  stars  when  they  crossed  the  meridian;  and  the  star 
then  remains  sensibly  at  the  same  distance  from  the  zenith 
long  enough  to  allow  the  operation  of  the  multiplication  of 
the  angle.    By  these  means,  angular  instruments  are  matched 
with  horary  in  regard  to  precision.    They  require  from  the 
observer  a  diligent  patience  in  applying  cU  the  minute  pre- 
cautions and  rectifications  which  experience  has  proved  to  be 
indispensable  to  the  fullest  use  of  these  instruments.  - 

Then,  we  have  Roemcr's  meridional  eye-glass,  which  fixes  the 
instant  of  the  passage  of  a  star  over  the  meridian.  The  plane  of 
the  meridian  is  made  in  this  case  purely  geometrical,  by  bemg 
described  by  the  optic  axis  of  a  simple  eye-glass,  properly 
disposed;  which  is  enough  when  all  we  want  to  know  is  the 
precise  moment  of  the  star's  passage.  Then  there  are  the 
micromctrical  instruments,  by  which  we  measure  the  diameters 
of  stars,  and,  generally  all  small  angular  intervals.  These  are 
the  material  instruments  of  obscr>'ation, — ^horary  and  angular. 
We  must  now  advert  to  the  intellectual  means, — ^that  is,  to 
!  the  corrections  which  astronomers  must  apply  to  the  results 
!  exhibited  by  their  instruments.  There  would  be  little  use  in 
perfecting  our  instruments,  if  refraction  and  parallax  intro- 
duced as  much  error  into  our  observations  as  we  had  got  rid 
of  by  the  improvement  of  our  apparatus. 

The  corrections  required  are  of  two  kinds. 
The  first  relate  to  the  errors  caused  l^  the  posi-    ^»^*« 
tion  of  the  observer, — ^the  ordinary  refraction   ^"^■"**^ 
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and  ptraUax.  No  deep  astronomical  knowledge  is  required 
for  the  correction  of  tnese.  The  second  dass^  arising  from 
the  same  cause,  since  they  proceed  from  the  observer  being 
on  a  moving  planet,  are  founded  on  primary  astronomical 
theories :  they  are  the  annual  parallax,  the  precession  of  the 
e<}uinoxes,  aberration,  and  nutation.  Our  business  now  is 
with  the  first  and  most  important  dasi. 

SECnOK  IL 

REFRACTION. 

^^^^  The  light  which  comes  to  us  from  any  star 

^^'***"^  must  be  more  or  less  turned  aside  by  the  action 
of  the  terrestrial  atmosphere.  We  must  estimate  the  amount 
of  this  donation  before  our  observations  can  answer  any  theo- 
retical purpose.  The  star  is,  by  ibis  refraction,  made  to  ap- 
pear  too  near  the  zenith,  wliile  left  in  the  same  vertical  plane. 
Only  at  the  zenith  is  the  error  absent,  while  it  increases  as  the 
star  descends  to  the  horizon.  This  error,  primarily  affecting 
distances  from  the  zenith,  must  affect,  indirectly,  all  other  astro- 
nomical measurements,  except  azimuths :  but  it  would  be  easy 
to  calculate  them,  if  we  once  knew  the  law  of  diminution  and 
increase  of  refraction  at  different  distances  from  the  zenith. 
Philosophers  have  tried  the  logical  way  and  the  empirical,  and 
have  ended  by  combining  the  two. 

If  our  atmosphere  were  homogeneous,  the  refrtu^ion  of 
light  would  be  uniform  and  calculable.  But  oiur  atmosphere 
is  composed  of  strata;  and  the  consequent  refractions  are 
excessively  unequal,  and  increasing  as  the  light  penetrates  a 
denser  stratum,  so  that  its  passage  constitutes  a  curve  of  the 
last  degree  of  complication.  Even  this  would  be  calculable,  witli 
more  or  less  pains,  if  we  knew  the  law  of  variation  of  these 
atmospheric  densities:  but  we  do  not  and  cannot  know  that 
law.  AVe  have  no  exact  knowledge  of  the  laws  of  tempera- 
ture, and  cannot  estimate  atmospheric  changes,  either  as  to 
number  or  degree :  and  all  mathematical  processes  founded  on 
laws  of  pressure,  etc.,  may  be  good  as  exercises,  but  are  of  no 
value  in  estimating  refraction.  As  to  the  cmpirioJ  method,  ii 
the  refraction  remained  always  constant  at  the  same  height, 
we  might  construct  tables;  and,  by  extending  otur  obsena- 
tions,  and  instituting  various  comparisons,  we  might  hope  to 
obtain  such  a  mass  of  materials  as  would  afford  us  some  ccr- 
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tain  results.    This  is  wliat  astronomers  bave^  in  hct,  patientlj 
and  laboriously  done^  by  the  belp  of  tbe  improved  instnuncnts 
we  bave  spoken  of.     Tbey  bave  used  whatever  geometrical 
help  they  could  make  applicable :  but  tbe  results  are  discou- 
raging enough.  There  is  nothing  like  uniformity  in  tbe  results : 
for  the  changes  in  tbe  atmosphere  are  beyond  our  calculation 
and  measurement.   We  study  tbe  barometer^  tbe  thermometer, 
and  tbe  hygrometer,  at  the  right  moment;  we  can  learn  from 
them  only  the  changes  taking  place  on  the  spot  in  which  we 
are;  and  our  tables  of  refraction  vary  as  our  observatories, 
and  even  in  one  observatory  at  different  times.     Delambre 
found  differences  of  four  or  five  minutes  between  one  day  and 
another,  after  taking  all  imaginable  pains.    All  that  we  can 
do  is  to  confine  our  observations  to  tbe  nearest  possible  ap- 
proach to  the  zenith,  and  to  place  no  reliance  on  what  we 
attempt  near  tbe  horizon.     By  doing  this,  we  shall  find  our 
astix)nomical  obsen-ations  less  affected  by  tbe  unmanageable 
difficulties  of  refraction  than  might  be  anticipated. 

SECTION  IIL 
PARALLAX. 

The  difficulty  of  tbe  parallaxes  can  be  dealt 
with  much  more  easily  and  satisfactorily  than  that     *'* 
of  the  refractions.     Obsen*ations  of  tbe  heavenly  bodies  made 
in  different  places  could  not  be  exactly  compared  without  a 
reference,  in  idea,  to  those  which  would  be  made  from  an  ima- 
ginary observatory,  situated  in  the  middle  of  the  earth,  which 
is  besides  the  true  centre  of  apparent  diurnal  motions.    This 
correction,  which  is  called  the  parallax,  is  analogous  to  that 
which  is  constantly  made  in  measurements  of  the  earth's  sur- 
face, under  tbe  more  logical  name  of  reduction  to  the  centre 
of  the  station. 

TIic  effect  of  tbe  parallax,  like  that  of  refraction,  is  upon 
the  distance  of  stars  from  the  zenith  alone,  leaving  the  star  in 
the  same  vertical  plane,  and  placing  it  too  far  from  the  Ecnitb, 
instead  of  too  near,  as  in  the  case  of  refraction.  In  this  in- 
stance  too,  as  in  the  other,  though  not  according  to  the  same 
law,  the  deviation  increases  as  the  star  descends  to  the  hori- 
zon. In  like  manner,  too,  there  must  be  secondary  modiiics- 
tions  for  all  the  other  astronomical  quantities,  except  with 
regard  to  the  azimuths.     Tbe  rectification  is  easy  in  compa- 
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riacm  with  the  other  cafle,  firom  the  absence  of  the  hopdeat 
diflBculties  caused  by  our  ill-understood  atmosphere.  The 
ininilaT  course  of  the  two  difficulties,  producing  counteracting 
eflbctSy  has,  we  may  observe,  relaxed  the  attention  of  astrono- 
mers to  the  facts  df  refraction  and  parallax,  by  partly  oonoeal- 
ixkf^  their  influence  on  actual  observaticnis. 

The  parallax  does  noty  like  refraction,  aflTect  all  the  stars  alike, 
l^ixt,  on  the  contrary,  affects  all  unequally,  and  each  according 
to  its  position.    It  is  insensible  with  regard  to  all  which  lie 
outside  the  limits  of  our  system,  on  account  of  thdr  immense 
distance;  and  it  varies  extremely  within  our  system,  from  the 
liorixontal  parallax  of  Uranus,  which  can  never  reach  a  half- 
second,  to  that  of  the  moon,  which  may  at  times  exceed  a 
degree.    Here  lies  the  radical  distinction,  in  astronomical  cal- 
culations, between  the  theory  of  parallaxes  and  that  of  refrac- 
tions.   The  determination  of  questions  of  parallaxes  does  not 
wholly  depend,  like  that  of  refraction,  on  methods  of  obserau 
tion  in  astronomy,  but  is  truly  a  portion  of  science.   Depending 
as  it  does,  ultimately,  on  the  estimate  of  the  distances  of  the 
stars  from  the  earth,  it  pertains  to  celestial  geometry,  through 
the  necessity  of  knowing  the  law  of  motion  of  each  star. 
Thus,  it  constitutes  a  part  of  the  science  itself;  though,  in 
the  absence  of  direct  knowledge  of  the  distances  of  stars,  an 
empirical  method  of  determining  the  coefficients,  analogous 
to  that  employed  in  tlie  case  of  refraction,  may  be  adopted. 
The  method  which  will  suffice  is  to  dioose  a  place  and  time 
whidi  will  show  the  proposed  star  passing  the  meridian  very 
near  the  zenith :  then  to  measure,  for  several  consecutive  days, 
its  polar  distance,  so  as  to  know  pretty  nearly  the  amount  c^ 
this  distance  at  any  moment  of  the  process :  and  this  being 
laid  down,  then  to  calculate,  for  this  mstant,  according  to  the 
horary  an^le  and  its  two  sides,  the  true  distance  from  the  star 
to  the  zenith,  when  it  is  considerably  remote  from  it,  without 
being  too  near  the  horizon  (say  fit>m  75^  to  80°) :  and  then, 
the  comparison  of  this  distance  with  that  which  is  actually 
obaer\'ed  at  the  moment,  will  evidently  disclose  the  corre- 
sponding parallax,  and  therefore  the  horizontal  parallax,  pro- 
vided the  due  correction  for  the  refraction  has  been  made. 
Th^  is  tlie  method  by  which  it  is  most  easily  estaUi^ed  that 
the  parallax  of  all  the  stan  is  absolutely  insensible. 

It  is  a  serious  inconvenience  in  this  method,  that  all  the 
unocrtaint)'  of  the  case  of  refraction  is  introduced  into  that  of 
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'  parallax.    In  regard  to  a  body'-wKoae  parallax  is  very  grcat^  as 

the  moon,  the  uncertainty  is  of  small  consequence;  but  in 
r^ard  to  the  sun,  or  other  distant  body,  an  error  of  one-third^ 
I     .  or  even  one-half,  in  the  value  of  its  horizontal  parallax,  might 

be  occasioned,  Tlie  method  is  absolutely  inapplicable  to  the 
remotest  of  our  planets;  and  not  only  to  Uranus^  but  to  Sa- 
turn and  Jupiter.  The  rational  method  must  be  resorted  to, 
in  the  case  of  these.  The  empirical  method  has  been  men- 
tioned here  from  the  philosophical  interest  which  attaches  to 
the  fact  that,  up  to  a  certain  point,  the  true  distances  of  stars 
from  the  earth,  at  least  in  proportion  to  its  radius,  may  be 
ivsccrtaincd  by  observations  made  in  one  place ;  a  thing  which 
appears,  at  first  sight,  geomctrioedly  impossible. 

SECTION  IV. 

CATALOGUE   OF  STARS. 

I  am  disposed  to  give  a  place  here,  contrary  to    ^^^^^  ^ 
custom,  to  the  Catalogue  of  stars,  which  I  think   ,tai?*^ 
should  be  reckoned  among  our  necessaiy  means 
of  obsen^ation  in  astronomy.    This  catalogue  is  a  mathemati* 
cal  table  of  directions  by  which  we  find  the  different  stars. 
Such  a  determination  is  a  basis  of  direct  knowledge  in  regard 
to  Sidereal  astronomy :  while,  in  regard  to  our  own  system,  it 
is  simply  a  valuable  means  of  observation,  which  supplies  us 
t  ^vith  terms  of  comparison  indispensable  for  the  study  of  the 

j  interior  movements  of  the  system.    Such  has  been  the  essen- 

•  tial  use  of  catalogues  of  stars,  from  Uipparchus,  who  began 

them,  to  this  day. — In  order  to  fulfil  their  purposes,  these 
catalogues  should  contain  the  greatest  possible  niunber  of 
stars,  spread  over  every  region  of  the  sky.  Astronomers  have 
done  their  duty  well ;  for  it  is  a  settled  habit  with  them  to 
determine,  as  far  as  they  can,  the  co-ordinates  of  every  new 
star  which  they  obsen^e ;  and  thus  our  catalogues  are  very 
\  voluminous,  and  for  ever  augmenting.    Our  business  here  is 

\  not  with  the  system  of  classification  and  nomenclature  adopted 
'  \  in  these  catalogues.  The  nomenclature,  bearing  as  it  does 
the  marks  of  the  primitive  theological  state  of  astronomy, 
might  be  easily  replaced  by  one  of  a  methodical  character, — 
the  objects  to  be  classified  being  of  the  simplest  nature,  and 
the  distinctions  being,  in  fact,  only  those  of  position.  But  it 
is  tliis  very  simplicity  which  prevents  the  need  from  being  fdt 
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as  it  would  among  more  complex  elements, — useful  ^as  m 
rational  system  would  no  doubt  be  in  finding  and  assigning 
the  places  of  stars.  The  change  will  be  made  in  time,  no 
doubt,  and  the  need  is  not  urgent.  Stars  are  not  known  by 
their  names,  for  astronomical  purposes,  but  by  their  descrip- 
tions; and  the  classification  and  nomenclature  in  the  cata- 
logue, resulting  from  the  fundamental  division  of  the  circle, 
are  as  perfect  as  possible ;  and  all  else  is  of  little  importance. 
I  would  only  ask  that  we  should  cease  to  speak  of  the  magnu 
iude$  of  stars,  as  marking  their  rank,  and  substitute  the  word 
brightness,  in  order  to  avoid  all  risk  of  supposing  stars  to  be 
laige  or  small  in  proportion  to  their  brightness  or  dimness. 
The  word  brightness  would  be  a  simple  declaration  of  the  fact, 
without  judging  the  causes.,  which  we  arc  far'  from  under- 
standing. 

By  viewing  these  methods  as  I  have  brought  them  to- 
gether, we  may  trace  the  progress  of  the  science  from  its  ear- 
liest days.  With  regard  to  angular  mcasiurcment,  for  instance, 
the  ancients  obser\'cd  ^nth  exactness  a  degree  at  the  utmost; 
T^cho  Brahe  carried  up  the  precision  to  a  minute,  and  the 
modems  to  a  second ; — a  perfection  so  recent,  that  observa- 
tions which  lie  more  than  a  century  behind  our  time  arc  con- 
sidered, from  their  want  of  precision,  inadmissible  in  the  for- 
mation of  astronomical  theories. 

My  object  has  been,  chiefly,  to  show  the  harmony  which 
exists  among  these  different  methods  of  obsen*ation ;  a  har- 
mony wliich,  while  it  tends  to  perfect  them  all,  up  to  a  certain 
point,  still  restricts  them  all,  by  making  each  a  limit  to  the 
rest.  No  improvement  in  horary  or  an^ar  instruments,  for 
instance,  could  carry  us  far,  while  our  knowledge  of  refrac- 
tion remains  as  imperfect  as  it  is.  But  there  is  no  reason  to 
suppcm  that  we  have  approached  the  limits  imposed  by  the 
conditions  of  the  subject. 
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CHAPTER  III. 

GEOMETRICAL  PHENOMENA  OF  THE  HEAVENLY  BODIES. 

SECTION  L 
STATICAL  FHEXOMENA* 

The  phenomena  of  our  solar  system  dindc  them- 
selves  into  two  classes,— the  Statical  and  the   Jj^J^"^ 
Dynamical.    The  first  class  comprehends  the  cir- 
cumstances of  the  star  itself,  independent  of  its  motions ;  as 
its  distance,  magnitude,  foi*m,  atmosphere,  etc. :  the  other 
comprehends  the  facts  of  its  displacements,  and  the  mathe- 
matical considerations  helonging  to  its  different  positions.  Ac- 
cording to  the  usual  analogy,  the  first  is  independent  of  the 
second ;  uhile  the  second  could  have  no  existence  without  the 
first.     Tlie  Statical  phenomena  Avoiild  exist  if  the  system  was 
immovable :  irhile  the  dynamical  arc  Avholly  determined  by 
the  statical  conditions. 

Tlie  first  thing  necessary  to  be  knoim  about 
any  heavenly  body  is  its  distance  fix)m  the  earth :  ^JJJ^"^  ^* 
and  the  difficulty  of  obtaining  'this  ground  for 
furtlier  obscnations  is  extremely  great, — the  smallness  of  the 
base  of  our  triangle,  and  the  immensity  of  the  distance  of  the 
planet,  rendering  all  accuracy  hopeless  in  very  many  cases. 
Towards  the  middle  of  the  last  centurj',  when  it  was  desired 
to  determine  the  horizontal  parallax  of  the  moon, — ^the  most 
manageable  of  the  heavenly  bodies, — Lacaille  went  to  the  Cape 
of  Good  Hoi)e,  and  Lalande  to  Berlin,  to  observe  its  distance 
at  the  same  moment  from  the  zenith, — that  moment  being 
appointed, — as  the  middle  of  an  antici]>ated  eclipse.  The  sta- 
tions were  so  chosen  as  to  afford  a  pretty  accurate  knoirlcdge 
of  the  extent  of  the  line  of  the  base, — wliich  was  about  as 
long  a  one  as  our  globe  coidd  afford.  The  observations  of 
the  two  distances  of  the  moon  from  the  zenith  must  thus 
afford  the  necessarj^  data  for  the  resolution  of  the  triangle 
which  must  give  the  distance  sought :  and  thus  we  have  ob- 
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tained  m  very  exact  knowledge  of  the  moon's  distance,  wbichi 
at  its  mean,  is  about  sixty  terrestrial  diameters,  and  about 
which  we  are  sure  that  we  cannot  be  mistaken  to  the  extent 
of  more  than  twelve  miles.  The  same  method  might  serve  to 
give  us,  though  Avith  much  less  prcdsion,  the  distance  of 
Venus  and  even  Mars,  if  the  observation  was  made  when  ihey 
were  nearest  to  the  earth ;  but  it  becomes  too  uncertain  with 
regard  to  the  sun.  It  would  leave  an  uncertain^  of  at  least 
an  eighth,  or  about  twelve  miUions  of  miles.  Of  course,  it  is 
of  no  avail  with  regard  to  yet  more  distant  bodies. 

The  method  usei  by  astronomers  under  this  difficulty  is 
to  measure,  first,  distances  for  which  omr  small  terrestrial 
bases  will  serve;  and  on  these,  according  to  their  related  phe- 
nomen%  to  erect  other  odculations ;  thus  making  of  the  first 
a  basis  for  the  support  of  new  estimates.  Anstarchus  of 
Samoa  conceived  of  an  ingenious  method  of  discovering  the 
distance  of  the  sun  through  that  of  the  moon ;  but  the  uncer- 
tainty about  seizing  the  exact  moment  of  the  quadrature  of 
the  moon  introduced  fatal  inaccuracy  into  the  calculation. 
Hallcy^s  method,  by  means  of  the  passage  of  Mercury  and 
Venus  over  the  sun,  is  more  circuitous,  and  suitable  only  to 
an  advanced  state  of  geometrical  science;  but  it  is  far  more 
accurate,  and  the  only  one  now  admissible,  for  determining 
the  parallax  of  those  planets  and  of  the  sun,  and  therefore  the 
distance  of  the  sun  from  the  earth,  tlirough  the  differences  in 
the  transit  obscn'able  at  two  very  distant  stations.  By  this 
method,  we  can  estimate,  within  a  hundredth  part,  the  distance 
of  the  sun  firom  the  earth.  This  distance  being  ascertained, 
we  have  it  for  a  basis  for  other  calculations.  \Ve  have  only 
to  observe  the  angular  distance  from  the  sun  to  the  proposed 
body,  at  two  pcricds  separated  by  six  months, — ^that  is,  from 
opposite  points  of  the  earth's  orbit.  This  gives  us  an  immense 
triangle,  the  base  of  which  is  twice  the  length  of  the  distance 
of  the  earth  from  the  sun :  and  thus  it  is  that  our  knowledge 
of  the  cartli's  motion  lias  hdped  us  to  a  base  tweuty-fomr 
thousand  times  longer  than  the  longest  that  can  be  conceived 
on  our  own  globe.  It  is  true,  the  planet  obsened  will  have 
changed  its  place  in  the  intenal ;  but  the  remoter  planets, — 
which  alone  arc  in  question  herc,^ — ^move  very  dowly; — Sa- 
turn's circuit,  for  instance,  occupying  thirty  years ;  and  our 
times  of  ob8cr>'ation  being  practically  reducible  to  a  shorter 
time  than  six  mouths,— even  to  two  or  one,  with  regsud  to 
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those  planets  of  our  system  which  move  more  rapidly  ;  while 
the  slower  ones  may  be  considered  almost  stationary^  during 
such  short  periods  of  time ;  and  again,  allowance  can  be  made 
for  this  small  change  of  place,  according  to  the  goometrical 
theory  of  its  proper  motion.  It  is  in  this  way  that  astrono- 
mers have  attained  to  their  knowledge  of  the  portions  of  the 
remotest  bodies  of  our  s}'stem.  Tlie  numbers  bv  which  we 
express  their  relations  to  the  distance  of  the  carm  from  the 
sun,  are  now  certain  to  the  third  decimal  at  least. 

The  vast  increase  of  the  basis  of  observation  afforded  us 
by  our  knowledge  of  the  earth's  movement  is  clearly  the 
greatest  that  we  can  attain.  If  we  have  cleared  the  bounds  of 
our  globe,  we  certainly  caimot  go  beyond  its  orbit.  Great  as 
this  distance  appears  to  us,  it  vanishes  when  we  want  to  ascer- 
tain the  distances  of  stars  outside  our  system.  All  measure- 
ment is  here  so  out  of  the  question  that  the  most  we  can  do 
is  to  fix  a  limit  within  which  they  certainly  are  not, — saying, 
for  instance,  that  the  nearest  star  is  at  least  two  hundred 
thousand  times  more  remote  than  the  sun,  or  ten  thousand 
times  further  off  than  the  remotest  planet  of  our  syst<^m ; 
which  is  quite  sufficient  to  establish  the  independence  of  our 
system. 

AMien  we  have  ascertained  the  distance  of  the  planets  from 
the  earth,  it  is  easy  to  understand  how  we  may  find  their  dis- 
tances from  each  other,  since,  in  the  triangle  in  which  eadi  is 
contained,  two  sides  are  already  given,  and  the  angle  to  the 
earth  can  always  be  measm*ed.  It  is  only  with  regard  to  the 
sun  and  the  moon  that  the  distances  to  the  earth  are  of  im- 
portance. It  is  enough  to  know  the  distances  of  the  planets 
from  the  sun,  and  of  the  satellites  from  their  planets,  which 
involve  little  variation.  Tliese  are  our  means  for  ascertaining 
istronomical  distances.  As  we  might  anticipate,  our  assmauoe 
4S  in  proportion  to  the  nearness ;  and  great  remoteness  baffles 
us  entirely.  We  see  here  again,  as  everywhere,  that  the  most 
simple  nnd  elementary  determination  depends  on  the  most 
dtlieatc  and  complex  scientific  theories.  Tliis  first  caae  ex- 
hibits m  iLiuch  of  the  spirit  of  astronomical  procedure,  that 
wc  may  go  more  rapidly  tlirough  the  other  statical  heftds  of 
cclL^tial  geometry. 

T!iL"  distances  of  the  stars  fipom  our  globe  being 
oTicc  aiscirtuined,  we  can  learn  whatever  we  desire     **""  •ndme. 
alxjut  their  form  and  size  by  obscn^ation,  if  it  be  but  precise 
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enoogb.  Their  very  distance  is  favourable  to  tbis ;  for^  wbile 
their  motion  or  ours  disphiys  in  turn  all  their  possible  aspects, 
our  distance  enables  us  to  see  at  oiice  theirhole  of  eadi  aspect. 
With  re^jrd  to  the  most  distant  and  the  smallest,  howcTer, — 
to  the  stars  outside  our  system,  and  the  satellites  of  Uranus^ 
and  the  small  planets  between  Mars  and  Jupiter, — ^they  can 
appear  to  us  only  as  points  of  vivid  light,  and  their  sphericity 
is  concluded  upon  only  through  a  lx)ld  induction.  But,  in 
obsening  the  larger  planets  of  our  system,  we  have  only  to 
measure  their  apparent  diameter  in  aU  directions,  after  allow- 
ing for  refiraction  and  parallax.  It  is  much  easier  to  us  to 
learn  the  form  and  size  of  sun  and  moon  than  of  our  own 
globe,  since  we  have  had  the  aid  of  glasses.  The  only  case  of 
di£Sculty  is  that  of  Saturn's  rings;  as  it  once  was  with  the 
moon,  whose  chan^ng  aspects  greatly  puzzled  the  ancients. 
The  most  simple  geometry  now  solves  the  last  difSculty,  and 
Huyghcns  has  helped  us  over  the  first.  With  these  excep- 
tions, direct  observation  assures  us  that  the  planets  are  all 
round,  with  more  or  less  flattening  at  the  poles  and  bulging 
at  the  equator,  in  proportion  to  the  rapidity  of  their  rotation. 
As  for  the  size  di  the  heavenly  bodies,  it  is  easily  calculated 
firom  the  measurement  of  the  apparent  diameter  combined 
with  the  determination  of  the  distance ;  and  the  only  reason 
why  men  were  so  long  and  so  widely  mistaken  about  the  di- 
mensions of  the  planets  was  that  their  real  distances  were 
unknown.  No  rule  as  yet  appears  which  connects  these  re- 
sults with  the  order  of  the  distance  of  the  planets  from  the 
sun.  All  we  know  is  that  the  sun  is  larger  uian  all  the  other 
bodies  of  the  system  put  tc^ther,  and  in  general  that  the 
satellites  arc  much  smaller  than  their  planets,  as  the  laws  of 
celestial  mechanics  require.  With  regard  to  the  bodies  out- 
side of  our  system,  as  we  have  no  knowledge  of  their  distances, 
we  are,  of  course,  ignorant  of  their  dimensions. 

It  is  by  the  occultation  of  stars,  as  starry 
•tDw^^^vs.  eclipses  are  called,  that  we  make  obsen'ations  on 
the  atmospheres  of  the  planets,  by  seeing  what 
demtiou  their  atmospheres  cause  in  the  light  of  the  remote 
stars  which  they  eclipse.  As  the  sun's  light  is  prolongdl  to 
us  by  the  refraction  of  our  atmosphere,  the  atmosphere  of 
a  planet  defers  (only  in  a  much  greater  degree)  the  occulta- 
tion of  the  star,  ana  also  shortens  it;  and  the  comparison  of 
the  apparent  duration  of  the  eclipse  with  that  which  it  would 
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othcrwiae  be,  gives  us  data  for  the  calculation  of  tlie  atmo- 
sphere  which  causes  the  delation.  It  is  thus  that  we  Icam 
that  the  moon  has  no  appreciable  atmosphere.  The  horizontal 
refraction  which,  on  our  globe,  would  reach  thirty-four  minutes, 
docs  not  in  the  moon  amount  to  a  single  second.  And  the 
inference  that  an  atmosphere  is  wanting  there  is  confirmed  by 
M.  Arago,  who  in  a  different  path  of  inquiry,  about  the  pola- 
rization of  light  reflected  from  liquid  surfaces,  has  estabhshed 
the  fact  that  there  are  not,  on  the  surfioice  of  the  moon,  any 
great  liquid  masses,  fitted  to  form  an  atmosphere.  The  next 
best-known  case  is  that  of  Venus,  which  esdiibits  a  horizontal 
refraction  of  thirty  minutes,  twenty-four  seconds.  As  for  the 
I  extent  of  the  atmospheres,  it  may  be  rouglily  conjectured 

from  the  cessation  of  the  refracting  power;  but  such  conjec- 
\  tures  must  be  very  loose,  as  the  refracting  power  may  become 

imperceptible  to  us,  far  within  the  limits  of  an  atmosphere 
becoming  attenuated  towards  its  verge.  The  strangest  phe- 
nomenon is  that  of  the  telescopic  planets,  with  the  exception 
of  Vesta;  the  atmosphere  of  Pallas,  for  instance,  being 
]  more  than  twelve  times  the  diameter  of  the  planet.    The 

j  usual  condition^  howe^'cr,  appears  to  be  that  sliared  by  our 

globe, — of  an  atmosphere  which  is  very  shallow  in  propor- 
I  tion  to  the  dimensions  of  the  planet :  and  this  is  nearly  all 

]  we  know. 

]  The  remaining  statical  topic  is  that  of  the 

]  form  and  size  of  the  earth,  which  has  been  left   ]^a*I|]|^*"™ 

to  the  last,  on  account  of  its  special  nature. 

No  glance  of  the  eye  will  aid  us  here,  nor  any 
direct  observation  whatever.    A  long  accumida-    cowr^^^^ 
tion  of  indirect  observations,  serving  as  a  basLs 
for  complex  mathematical  reasonings,  are  our  only  means. 
Tlie  geometrical  aspect  of  the  question  must  be  taken  furst, 
thougli  it  depends  on  the  highest  mechanical  theories,  and 
arises  from  a  mechanical  Ix^iniing.     In  the  infancy  of  ma- 
thematical astronomy,  the  variations  exhibited  in  different 
^  places  by  the  diurnal  movement  furnished  the  first  geometri- 

cfd  proof  of  the  earth  being  round.  It  was  enough,  to  esta- 
blish itseridcntly  and  exclusively  spherical  character,  that  the 
change  exhibited  by  the  height  of  the  jwle  on  each  horizon 
was  always  in  exact  propoition  to  the  length  traversed  accord- 
ing to  any  meridian  whatever :  and  this  remains  the  source  of 
all  our  geometrical  knowledge  of  the  foi*m  and  dimensions  of 
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crar  planet.  Astronomers  reached  their  knowledge  of  its  pre- 
cise form  through  that  of  its  size ;  for  it  was  long  before  its 
deviation  fiom  the  perfect  spherical  form  was  understood. 
In  this,  as  in  every  case,  the  form  of  any  body  is  appreciable 
only  by  measuring  its  dimensions  in  various  directions;  and 
liere  the  only  difficulty  is  in  the  measuring.    The  first  prind- 

Slcs  of  the  discovery  were  given  by  Eratosthenes,  in  the  early 
ays  of  the  school  of  Alexandria ;  but  his  method  was  never 
effisctually  employed  till  the  middle  of  the  seventeenth  cen- 
tury, when  Picard  undertook  to  measure  the  depee  between 
Paris  and  Amiens.  This  was  the  great  starting  point  of 
the  measuring  operations,  which  must  have  revealed,  as  they 
became  more  perfect,  the  truth  that  the  earth  is  not  a  perfect 
sphere;  but  Newton,  by  his  theory  of  gravitation,  and  with 
his  one  fiMSt  of  the  shortening  of  the  seconds  pendulum  at 
Cayenne,  settled  the  matter,  by  deciding  that  our  globe  must 
necessarily  be  flattened  at  the  poles,  and  bulge  at  the  equa- 
tor, in  the  relation  of  229  to  230.  The  astronomers  could 
not  at  once  pronounce  against  the  evidence  of  direct  measure- 
rnent^  while  the  geometers  saw  the  fact  to  be  certain;  and  the 
controversy  between  these  two  orders  of  philosophers^  for 
half  a  centuiT,  led  to  those  scientific  operations  which  have 
brought  us  ail  to  one  mind.  The  question  was  settled  by  the 
great  expedition  sent  forth,  above  a  century  ago,  by  the 
Frendi  Academy,  to  measure,  at  the  equator  and  the  pole, 
the  two  extreme  degrees  of  latitude  which  must  exhibit  the 
widest  variation  fiom  each  other :  and  the  comparison  of  these 
with  each  other,  and  with  Picard's  d^;ree,  terminated  the 
controversy,  and  establishod,  not  only  the  truth  of  Newton's 
discovery,  but  the  very  near  accuracy  of  his  calculation.  All 
the  experiments  made  since,  in  various  countries,  have  united 
in  confirming  the  &ct  of  the  continual  lengthening  of  degrees 
in  approaching  the  pole.  It  does  not  follow  that  the  figure 
of  the  earth  has  been  ascertained  with  absolute  prcciaon. 
There  are  slight  discrepancies  which  may  either  be  fiN>m  im- 
perfection in  our  estimates,  or  from  the  earth  not  being  pre- 
dscl  V  an  ellipsoid  of  revolution ;  but  whatever  may  be  the 
result  of  future  labours,  we  know  that  we  are  near  enough  to 
the  truth  for  all  practiod  purposes,  unless  in  questions  of  ex- 
treme delicacy.  We  have  no.  absolute  knowledge  here,  any 
more  than  in  any  other  department ;  and  we  must  be  content 
to  make  our  approximations  moro  complex  as  new  phenomena 
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arise  to  demand  it.  Such  is  the  true  character  of  the  ad- 
vances that  have  been  made  in  this  science  from  the  begin- 
ning. Superficial  observers  may  call  its  theories  arbitrary, 
from  the  incessant  changes  of  view  that  have  arisen :  but  the 
knoTvledge  gained  has  aJways  been  positive ;  every  scientific 
opinion  has  corresponded  with  the  facts  which  gave  rise  to  it; 
and  such  opinions  remain  therefore  useful  and  sound  at  this 
day^  within  their  o\vn  range.  The  science  has  thus  always 
exhibited  a  character  of  stability^  through  all  incidents  of 
progression,  from  the  earliest  days  of  the  Alexandrian  school 
till  now. 

Such  are  the  statical  aspects  of  the  planets  of  our  system. 
We  have  now  to  look  at  the  geometrical  theory  of  th^ 
motions. 

Like  all  other  bodies,  the  planets  have  a  mo- 
tion  composed  of  translation  and  rotation.    The   ^^^^^ 
connection  of  these  two  motions  is  so  natural, 
that  when  we  know  of  the  one  we  look  for  the  other.    Yet 
they  present  very  difierent  degrees  of  difficulty,  and  require 
separate  consideration. 

The  progression  of  the  stars  was  obscn^ed  long  before  their 
rotation, — the  unassisted  eye  being  enough  for  the  first;  yet 
the  geometrical  study  of  their  rotations  is  easier,  because  the 
motions  of  the  observer  have  no  eficct  upon  them ;  whereas 
they  largely  afiect  questions  of  translation.  And  again,  the 
question  of  orbits  is  the  chief  difficulty  of  the  study  of  trans- 
lations ;  and  it  docs  not  enter  into  that  of  rotations.  The 
latter  nearly  approaches  to  the  character  of  statical  questions ; 
and  therefore  it  ought  to  be  taken  first  in  the  exposition  of 
celestial  geometry. 

Galileo  introduced  the  study  of  rotations  by 
discovering  that  of  the  sun,  which  was  sure  to  ^***^***^ 
follow  dosely  on  the  invention  of  the  telescope.  The  method 
used  is  obvious  enough,  and  the  same  in  idl  cases; — to  ob- 
sene  any  marks  that  may  exist  on  the  surface  of  the  body, 
their  displacement  and  return.  The  more  such  points  of 
observation  are  multiplied,  the  more  accurate  and  complete 
will  be  the  calculations  of  time,  magnitude,  uniformity  of 
movement,  etc.,  deduciblc  from  them.  There  is  no  more 
delicate  task  than  this,  except  with  regard  to  the  sun  and 
moon ;  and  none  that  more  absolutely  requires  a  special  train- 
ing of  the  eye.     It  is  a  proof  of  this,  that  a  careful  and  honest 
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obeerver,  Bianchiniy  supposed  the  rotation  of  Yeniis  to  be 
tfienty-four  times  slower  than  it  is.     Some  bodies,  as  Uranus, 
9ie  too  remote,  and  others,  as  the  sateUites  and  new  planets, 
too  small,  to  have  their  rotation  established  at  all,  though  it  is 
concluded  fix>m  analogy  and  induction.    We,  as  yet,  know  of 
no  law  determining  the  time  of  these  rotations :  they  are  not 
connected  Avith  distances,  nor  with  magnitudes;   and  they 
seem  only  to  have  some  general,  but  not  invariable,  connec- 
tion with  the  d^ree  of  flattening  at  the  poles'*^.    But  if  the 
duration  is,  though  regular  in  ^ch  case,  altogether  irregular 
as  regards  the  difierent  bodies,  the  case  is  much  otherwise 
with  the  direction ;  for  it  is  always,  throughout  our  system, 
firom  west  to  east,  and  on  planes  slightly  inclined  to  that  of 
the  solar  equator :  and  this  constitutes  an  important  general 
datum  in  the  study  of  our  globe. 
Tnmsktkm.       ^^  study  of  translations,  much  more  complex, 
is  also  much  more  important,  if  we  consider  the 
great  end  of  astronomical  pursuit — ^the  exact  precision  of  the 
state  of  the  heavens  at  some  future  time.     Besides  that  the 
movement  of  the  earth  constitutes  an  important  element  in  such 
a  study,  it  must  make  a  difference  with  regard  to  other  stars, 
whether  the  obsen^cr  is  fixed  or  moving,  as  his  own  movement 
must  affect  his  observation  of  other  motions.   We  might  indeed 
decide  with  certainty,  without  this  introductory  knowledge,  that 
the  sun  and  not  the  earth  is  the  true  centre  of  the  motions  of 
all  the  planets,  as  Tycho  Brahe  did  when  he  denied  our  own 
motion;  for  it  is  enough,  with  this  view,  to  establish  that  the 
distances  from  the  planets  to  the  sun  scarcely  vary  at  all, 
while  thdr  distance  from  us  varies  excessively;  and  again, 
that  the  solar  distance  between  each  inferior  planet  and  the 
sun  is  less,  and  between  each  superior  planet  and  the  sun  is 
greater,  than  our  distance  from  the  sim.    But  we  cannot  go 
further  than  this, — wc  cannot  determine  the  form  of  the  pla- 
netary orbits,  or  the  mode  in  which  they  are  traversed,  %vith- 
out  making  a  careful  and  exact  allowance  for  the  displacement 
of  the  observer.    Deferring  for  the  present  the  subject  of  the 
earth's  motion,  we  will  briefly  notice  some  important  data 
connected  with  the  planetary  motions,  which  may  be  obtained 
without  reference  to  our  oavu  movement,  and  which  are  so 

*  Tho  rotations  of  vomc  of  the  Mitellitcs  arc  known.  Tbcr  all  follow  the  law 
of  the  inoou'a  rotation,  naiuolj,  the  time  cone»pondB  with  the  orlntal  periods. 
—J.  P.  N. 
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simple  asto.rank  among  statical  lesearches.  I  mean  parti< 
larly  the  knowlcd^  of  the  planes  of  orbits,  and  of  the  du 
tiou  of  the  sidcreid  revolutions,  which  has  nothing  to  do  w 
the  form  of  the  orbits  or  the  variable  velocity  of  the  plaiM 
A  plane  being  detcmuned  by  three  points,  it  is  enough  to  i 
Bcrve  three  positions  of  a  star  to  draw  a  geometrical  cone 
sion  about  the  situation  of  the  plane  of  its  orbit.  Astroi 
mers  do  not  now  use,  in  these  operations,  the  declinations  s 
right  ascensions,  which  are  the  only  co-ordinates  directly  d 
served,  but,  for  the  sake  of  convenience,  two  other  spheri 
co-ordinates,  improperly  called  astronomical  latitude  and  1< 
gitudc,  which  are  analogous,  with  n^ard  to  the  ediutic,  to  1 
others  vriiii  regai*d  to  the  equator.  After  having  determii 
the  latitude  and  longitude  of  the  planet  in  the  three  positio 
its  nodes  are  found ;  that  is,  the  points  at  whidi  its  orbit  me 
the  plane  of  the  ecliptic,  and  the  inclination  of  the  orbit 
this  plane.  It  is  evident  that  confirmation  may  be  obtaii 
by  observing  other  positions  of  the  body,  if  they  are  chos 
sufficiently  remote  from  each  other ;  and  thus  we  may  obti 
a  far  greater  precision  than  in  the  case  of  rotations.  It  is  tl 
that  we  have  learned  that  the  planes  of  all  the  planetary  orb 

f>ass  through  the  sun ;  and  the  same  with  r^;ard  to  the  sat 
itcs  of  any  planet;  and  that  these  planes  are  in  gene 
slightly  inclined  to  the  ecliptic,  and  more  slightly  still  to  1 
plane  of  the  solar  equator,  except  the  newly-disooverod  plane 
in  whose  case  we  find  the  inclination  mucn  more  consideral 

The  duration  of  the  sidereal  revolutions  may, 
of  course,  be  directly  observed,  in  the  first  in-  f^^^"" 
stance,  by  looking  for  the  return  of  the  star  to 
the  same  spot  in  relation  to  the  centre  of  its  motion.  K 
suppose  its  motion  to  be  uniform,  which  we  may  for  a  fi 
approximation,  we  can  estimate  its  course  by  obseniug  t 
time  required  between  any  of  the  tliree  positions,  withe 
waiting  for  the  total  revolution,  which  is  sometimes  very  do 
The  geometrical  law  of  tliis  motion  permits  us  to  dctermine,fix 
this  kind  of  obscnation,  the  exact  time  of  the  phuietaiy  ie% 
lution.  The  values  of  these  periodic  times  are  not  irrcgulai 
divided  among  the  bodies  of  our  system,  like  the  other  data  tl 
we  have  noticed.  Tlie  shortci*  the  course,  the  more  rapid  t 
motion ;  and  the  duration  increases  more  rapidly  than  t 
con*csponding  distance;  so  that  the  mean  velocity  dimiuisi 
in  propoition  as  the  distance  increases.     We  owe  to  Kcpl 
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the  disooveiT  of  the  harmony  between  these  two  essential 
dements^  and  it  is  one  of  the  most  indispensable  bases  of  odes- 
tial  medianies. 

Such  is  the  spirit  of  the  methods  by  which  celestial  geometry 
is  made  to  yield  ns  the  elementary  dUita  which  characterize  the 
bodies  of  the  solar  system.  We  have  still  to  consider  those  of 
our  own  planet^  before  we  proceed  to  the  geometrical  laws  of 
the  planetary  motions. 

Motion  of  the  Earth. 

We  are  accustomed  to  think  of  the  motions  of  translation 
and  rotation  as  inseparable ;  but^  in  the  transition  from  sup- 
posing the  earth  to  be  motionless^  to  the  present  state  of  our 
knowkdge^  a  theory  existed  that  it  whirlea  round  its  axis^  but 
ETidenon  of  ^^  stationary  in  space.  We  now  perceive  that, 
the  £arth*t  in  addition  to  the  general  evidence  of  the  double 
Hotkm.  motion  of  the  planetary  bodies,  wc  have  spedal 

evidence  about  our  own  globe, — ^that  the  annual  motion  could 
not  exist  without  the  diurnal,  though  we  might  logically  sup- 
pose beforehand  that  it  could. 

As  the  rotation  of  the  earth  cannot  be  absolutely  uniform 
in  all  parts  of  its  surface,  some  indications  of  its  course  must 
exist  among  terrestrial  phenomena.  We  must  therefore  dis- 
tinguish between  the  celestial  and  terrestrial  proofs  of  otur 
diurnal  motion,  while  the  annual  motion  admits  only  of  the 
former. 

^^^  Immediate  appearances  go  for  nothing  in  this 

^^2^*"*"  case;  for  it  is  clear  that,  to  our  eyes  (as  we  do 
not  fed  the  rotation),  it  must  be  exactly  the  same 
thing  whether  we  move  round  among  the  heavenly  bodies,  or 
whether  thev,  fixed  in  a  system,  move  round  \is  in  a  contrary 
direction.  There  was  nothing  absurd  in  the  latter  supposition, 
in  the  old  days  when  men  had  no  doubt  of  the  stars  being  very 
near,  and  not  much  larger  than  they  appear  to  the  eye,  while 
they  exaggerated  the  size  of  the  earth.  They  could  not  avoid 
supposing  that  sudi  a  mass  must  be  immovable,  while  the 
smdl  stars,  with  their  little  inten*als,  were  seen  moring  every 
day.  Even  when  tlic  Greek  astronomers  had  sketched  out  the 
true  geometrical  theory  of  the  movements  of  the  planets,  they 
treated  only  of  the  directions,  and  had  no  idea  of  measuring 
distances ;  and  it  required  the  whole  strength  of  positive  evi- 
dence of  dimensions  and  distances  to  uproot  men's  strong  and 
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J  *    I  f  natural  persuasion  of  the  stability  of  thdr  globe.     From 

'  moment  of  our  obtaining  an  idea  of  the  proportions  of 

universe,  tlie  old  oonccption  became  too  revolting  to  rcaso 

i       i  be  sustained.     When  it  was  understood  that  the  earth 

'.       .    \  mere  point  in  the  midst  of  prodigious  intcn*als^  and  tha 

dimensions  are  extremely  small  in  comparison  with  that  oi 

sun^  and  even  of  other  bodies  of  our  own  system,  it  was  ab 

to  suppose  that  such  a  universe  could  titivel  round  us  e 

day.   AMiat  velocities  would  be  required  to  enable  the  outi 

;  stars  to  complete  such  a  daily  circuit, — ^making  aUowano 

their  being  twenty-four  thousand  times  nearer  the  earth,  ii 

earth  describes  no  orbit, — ^and  how  small  the  movement  ol 

.  I  earth,  while  those  prodigious  masses  were  travelling  at  i 

speed !     On  mechanical  grounds,  the  centrifugal  force  w 

^         be  seen  to  be  unmanageable.     In  every  way,  the  supposi 

'  *,         was  perceived  to  be  monstrous.     Again,  the  passage  of  i 

before  each  other,  and  in  a  contrary  direction  to  that  of 

general  movement  of  the  sky,  showed  that  thev  were  at 

ferent  distances  from  each  other,  and  not  bound  into  an 

•  varying  fabric.      Hence  arose  the  notion  of  Aristotle 

Ptolemy,  of  a  system  of  solid  and  transparent  firmamc 

I         But  the  existence  of  comets  alone  was  enough  to  confute 

appearing  as  they  do  in  all  regions  of  the  dky  in 
^1         turn.    As  Fontenelle  said,  this  theory  put  the   jE^^^ 
.    *         universe  in  danger  of  being  fractured.     It  was,      ^*     ^ 
^  curiously  enough,  Tycho  Brahe,  the  most  illustrious  oppoi 

y  '         of  the  Copemican  system,  who  pronded  for  the  overthrow  o: 

own  arguments  by  first  presenting  the  true  geometrical  theo 
comets.    Long  before  modem  precision  was  at- 
j         taincd,  men  had  been  prepared  by  such  eonsidera^   tton!^'* ' 
j         tions  as  the  above  to  condude  upon  the  rotation  of 

the  earth.    Long  before  Copernicus,  a  rough  oonccption  oi 

j         truth  existed.  Even  Tycho  Bralie  felt  the  astronomiod  supe 

j         ity  of  the  true  theory ;  but  it  seemed  to  be  contradicted  by  i 

\     .   ^         is  before  our  eyes, — ^the  fall  of  heavy  bodies,  etc.     Copen 

himself  could  not  remove  the  objections  which  arose  01 

*     '  [         men's  ignorance  of  the  laws  of  ^loehanics.    Tliese  object 

held  their  ground  for  a  centuiy,  tiU  Galileo  established  the  g 

law  which  we  have  recognized  as  one  of  the  tlirce  on  which 

tional  Mechanics  is  based, — ^that  the  relative  motions  of  di 

cut  bodies  are  independent  of  the  common  motion  of  the  wl 

Till  this  was  established,  the  supposition  of  the  rotation  oi 
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earth  was  inadmissible.  It  is  a  curious  fact^  casting  much  light 
upon  the  action  of  the  human  mind,  that  the  opponents  of 
Galileo  taunted  him  trith  the  so-called  fact  that  a  ball  let  down 
from  the  top  of  the  mast  of  a  ship  in  motion  would  not  fall  at 
the  foot  of  the  mast,  but  some  way  behind, — ^neither  they  nor 
anybody  else  having  tried  the '  experiment,  which  would  have 
shown  them  that  their  supposed  fact  was  a  mistake.  The  fol- 
lowers of  Copernicus  did  worse, — ^they  admitted  the  so-called 
fact,  but  tried  to  reason  away  its  bearings  with  fantastic  subtle- 
ties. The  matter  was  not  settled  even  by  the  demonstrations 
of  Galileo,  nor  till  Gassendi  compelled  observation  by  a  public 
e3q)criment  in  the  port  of  MarseUles. 

That  order  of  experiments  has  been  carried  on,  and  would 
be  of  high  value  if  we  could  obtain  perpendicular  stations  of 
sufficient  height  for  the  purpose.  It  is  dear  that  a  lofty  tower 
must  describe  a  larger  arcle  in  the  same  time  at  the  top  than 
at  the  base ;  and  that  any  body  dropped  from  it  must  share  the 
higher  rate  of  velocity,  ha\ing  a  slight  horizontal  velocity  in 
the  direction  of  the  earth's  rotation, — ^falling  therefore  a  little 
to  the  east  of  the  base  of  the  tower.  Omitting  the  considera- 
tion of  the  resistance  of  the  air,  this  amount  is  calculable  in 
the  fruiction  of  the  height  of  the  tower  and  of  its  latitude; 
but  experiment  would  also  be  valuable ;  and  it  is  to  be  hoped 
that  it  will  be  tried  at  the  equator,  where  the  deviation  must 
be  greater  than  anywhere  else. 

Influence  of  '^^  °^^*  ccrtrin  terrestrial  proof  of  the  earth's 

centrifugal  forae  rotation  is  found  by  tracing  the  influence  of  the 
upon  grarity.  centrifusal  forcc  upon  the  direction  and  intensity 
of  weight.  This  has  been  done  by  that  obscn-ation  of  Richer, 
on  the  shortening  of  the  seconds-pendulum  at  Cayenne,  which 
has  been  mentioned  as  having  emboldened  Newton  to  declare 
the  true  figure  of  the  earth.  The  deviation  from  the  spherical 
form  is  too  small  to  account  for  more  than  one-third  of  the 
effect  obsen'cd ;  and  the  other  two-thirds  are  precisely  what 
would  be  required,  at  the  equator,  where  the  centrifugal 
force  is  greatest,  on  the  supposition  of  the  eaith's  rotation. 
Wlicrever  the  delicate  obscn-ation  can  be  made  with  sufficient 
precision  on  other  points  of  the  elobe's  surface,  the  result 
answers  to  the  theory.  Tims,  we  imould  have  sufficient  assu- 
rance, in  the  absence  of  the  abundant  astronomical  proofs 
that  we  possess  of  the  rotation  of  the  earth.  Probably  no 
one  fact  has  ever^  in  the  history  of  our  race,  produced  such 
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PROOFS  OF  THE   EABTH'S  TRAK8LATION.  1 

consequences  as  that  observation  of  Richer's, — ^two-thirds 
the  estimated  efTcct  having  completely  established  the  rotati 
of  our  globe^  and  the  other  third  having  led  Newton  to  i 
ascertainment  of '  its  form. 

The  movement  of  translation  is  ascertainable 
only  by  astronomioil  proofs^  for  the  difiercnoe  in  i^i^^  *" 
velocity  of  the  various  parts  of  the  globe,  in  virtue 
of  this  motion,  is  too  slight  to  be  sensible  to  us,  or  to  p 
duce  any  effect  on  terrestrial  phenomena.  When  the  c 
cuits  of  other  planets  were  known,  men's  minds  were  prepai 
for  that  of  the  earth, — ^the  question  then  being  whether  1 
earth  was  in  analogy  with  Venus,  Mars,  Jupiter,  etc., 
whether,  while  they  continued  their  courses  round  the  si 
the  sun  made  a  yearly  circuit  roimd  the  earth.  Reason  mi 
declare,  in  such  a  case,  that  any  uncertainty  must  arise  simj 
from  the  position  of  the  obscn*er,  who,  placed  on  any  otl 
planet,  would  have  doubted  whether  he  was  not  the  centre 
the  heavenly  motions.  Any  observation  of  mere  appeanuK 
must  e\idently  go  for  nothing  in  this  case;  as  appearan( 
must  be  exactly  the  same, — ^the  parallelism  of  its  axis  of  ro 
tion  being  unaltered, — whether  the  earth  or  the  sun  is  in  1 
ecliptic,  and  the  other  in  the  centre.  The  proofs  must  be  i 
rived  from  better  testimony  than  mere  appearances;  and  tl 
so  abound  that  we  have  only  to  choose  among  those  which  i 
presented  by  the  whole  range  of  the  heavens. 

The  phenomenon  called  the  precession  of  the 
equinoxes  was  observed  by  Hipparchns,  who  was  ^J^^J^ 
struck  by  the  difference  of  two  degrees  which  be 
obsen'cd  bet^veen  the  longitudes  of  stars  in  his  time  and  th( 
which  had  been  recorded  a  century  and  a  half  before, 
account  for  such  a  phenomenon,  successive  astronomers  in 
gincd  other  heavens ;  a  process  that  they  repeated  with  rcgi 
to  nutations,  which  was  a  phenomenon  too  minute  for  tfa 
obsen-ation.  To  account  for  it,  on  the  supposition  of  the  eaj 
being  stable,  a  third  general  movement  of  the  whole  heav< 
must  be  supposed.  Newton  indicated,  and  Bradley  aftcmai 
proved,  that  very  slight  alterations  in  the  parallelism  of  i 
earth's  axis, — such  alterations  as  must  rcsidt  from  the  inf 
ence  of  the  sun,  and  yet  more  of  the  moon,  upon  the  eqi 
tonal  bulge, — ^precisely  account  for  the  perturbations  wh; 
create  such  confusion  under  the  ancient  view  of  the  eart 
stability.    The  most  unquestionable  proof  of  all,  however. 
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^^^^^.^^^^y^^ij^y^in  that  class  of  phenomena  called  the  retrc^prada- 
mnd  stations  of  tions  and  stations  of  the  planets^  vhich  are  per- 
tlie  pknets.       fectly  explained  by.  the   annual  circuit  of  our 
globe,  and  are  otherwise  quite  incomprehensible.    If  two  boats 
axe  gHding  down  a  river,  at  different  rates  of  speed,  the  one 
must  appear  to  the  other  advancing,  stationary,  or  retrograde, 
according  as  its  own  speed  is  smaller,  equal,  or  greater.    With 
regard  to  the  heavenly  bodies,  their  velocities  and  other  dr- 
cumstances  are  known  to  us,  so  that  we  can  calculate  what 
flieir  courses  ought  to  be  to  our  eyes,  on  the  supposition  of  our 
own  annual  movement'.     The  appearances  answering  to  our 
scientific  expectation,  the  proof  is  practically  complete.    If  the 
earth  moves,  the  retrogradation  of  the  lai^cr  planets  ought 
to  happen,  as  it  does,  when  they  are  in  opposition,  and  that 
of  Venus  and  Mercury  when  tlicy  are  in  inferior  conjunction. 
The  rcffular  occurrence  of  this  coincidence  was  not  even  at- 
tempted to  be  ^cplained  by  the  ancients. 

We  have  called  these  proofs  practically  complete;  and  they 
were  held  to  be  so  by  Copemican  philosophers  before  the  time 
of  Kepler  and  Galileo :  but  our  age  is  not  satisfied  without  a 
more  strict  mathematical  evidence,  amounting  to  demonstra- 
tion* 

The  one  demonstration  on  which  modem  sd- 
Jp^^tT*  ^^^  '****  ^  *^**  derived  fix)m  the  various  phe- 
nomena of  the  aberration  of  light,  which  are 
quite  incompatible  with  the  stability  of  the  globe.  Boemer's 
obsen-ations  of  the  satellites  of  Jupiter  suggested  to  him  the, 
use  of  light  as  a  measure  of  distance.  Knowing  what  changes 
must  be  taking  place  at  various  distances  from  us  in  the  hea- 
vens, and  knowing  the  velocity  of  light,  the  variations  in  time 
•  at  which  the  changes  become  visible  to  us  will  be  a  measure  of 
our  change  of  place  and  distance.  For  instance,  the  first  sa- 
tellite of  Jupiter  is  eclipsed  every  forty-two  hours  and  a  half. 
The  eclipse  will  take  place  in  a  shorter  or  a  longer  time  than 
this  to  our  eyes,  in  proportion  as  we  arc  removed  to  the  one 
side  or  the  other  of  our  mean  distance  from  Jupiter,  on  account 
of  the  smaller  or  greater  space  that  the  light  will  have  to  travel 
through.  By  extending  our  obscnation,  not  only  to  the  other 
satellites  of  Jupiter,  but  to  those  of  Saturn  and  Uranus,  we 
have  obtained  further  verifications  of  the  relation  of  our  orbit 
to  theirs,  and  also,  proof  of  the  uniformity  in  the  passage  of 
light, — at  least  within  our  own  system.     If  the  earth  were 
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immoveable^  we  might  have  an  error  of  time,  with  regard  to 
distant  stars,  but  not  of  place :  but,  by  compounding  the  ye* 
locity  of  the  earth  in  its  orbit  with  that  of  light,  which  is 
about  ten  thousand  times  greater,  we  can  calculate  how  far 
any  star  ought  to  appear  to  deviate  from  its  position.  This 
deviation  is  found  not  to  exceed,  at  its  maximwn,  twenty  se- 
conds in  any  direction;  and  therefore  forty  seconds  is  the 
greatest  denation  which  can  appear  in  the  position  of  any  star 
in  the  course  of  the  year.  It  was  the  striking  periodicity  of 
these  delations  which  led  Bradley  to  seek  for  the  true  theory 
in  the  combination  of  the  motion  of  the  earth  with  that  <^ 
light,  and  to  work  it  out  with  the  mathematical  exactness  per- 
mitted by  modem  science :  and  there  is  nothing  in  the  case  to 
prevent  the  direct  application  of  the  mathematical  process  to 
the  visible  phenomena.  The  result  is  an  miquestionable  de- 
monstration of  the  annual  movement  of  the  earth,  with  whidi 
all  the  phenomena  of  tlie  case  precisely  agree,  and  without 
which  they  could  not  exist. 

It  is  evident  that  this  knowledge  of  aberrations  compels  us 
to  add  another  correction  to  those  of  refiraction  and  piu^ax, 
and  the  same  is  the  case  with  regard  to  tlie  precession  of  the 
equinoxes  and  nutation.  Thus,  as  science  advances,  the  pre- 
paration of  a  phenomenon,  observed  with  the  best  instru- 
ments, for  scientific  use,  becomes  a  delicate  and  laborious 
operation. 

These  are  the  considerations  which  have  led  jj^^igocect 
men  to  the  knowledge  of  the  double  motion  of  acientiaefiKJt 
the  planet  we  inhabit^  No  other  intellectual  re-  ^V^  Opinioii. 
volution  has  ever  so  thoroughly  asserted  the  natural  rectitude 
of  the  human  mind,  or  so  wdl  shown  the  action  of  positive 
demonstration  upon  definitive  opinions ;  for  no  other  has  had 
such  obstacles  to  surmount.  A  very  small  number  of  philo- 
sophers, M'orking  apart,  without  any  other  social  superiority 
than  that  which  attends  positive  gemus  and  real  science,  have 
overthroiMi,  within  two  centuries,  a  doctrine  as  old  as  pur 
intelligence,  directly  established  upon  the  plainest  and  com- 
monest appearances,  intimately  connected  with  the  whole 
system  of  existing  opinions,  general  interests,  and  dominant 
authorities,  and  siipported  moreover  by  human  pride,  powerful 
in  the  recesses  of  each  individual  mind.  The  M^hole  sj'stem 
of  theological  1)elief  rested  on  the  notion  that  the  eatiie 
universe  was  ordained  for  Man,  a  notion  which  appears  truly 
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absurd  tlic  moment  it  is  seen  that  our  globe  is  only  a  subaltern 
star, — ^not  any  centre  irhatever,  but  circulating  in  its  place 
and  season,  among  others,  round  the  sun,  whose  inhabitants 
might,  with  more  reason,  claim  the  monopoly  of  a  system 
which  is  itself  scarcely  perceptible  in  the  universe.  The  no- 
tion of  final  causes  and  providential  laws  undergoes  dissolutito 
at  the  same  time ;  for,  the  once  dear  and  reasonable  idea  of 
the  subordination  of  all  things  to  the  advantage  of  Man  being 
exploded,  no  assignable  purpose  remains  for  such  providential 
action.  As  the  admission  of  the  motion  of  the  earth  over- 
throws the  whole  theoiy  founded  on  the  human  destination  of 
the  universe,  it  is. no  wonder  that  religious  minds  revolted 
from  the  great  disclosure,  and  that  the  sacerdotal  power  main- 
tained a  bitter  rage  against  its  illustrious  discoverer. 

The  Positive  philosophy  never  destroys  a  doctrine  ^thout 
instantly  substituting  a  conviction,  adequate  to  the  needs  of 
our  human  nature.  If  the  vani^  of  Man  was  grievously 
humbled  when  science  disabused  him  of  his  notion  of  his  su- 
preme importance  in  the  universe,  to  this  vanity  at  once  suc- 
ceeded a  lofty  sentiment  of  his  true  intellectual  dignity,  when 
he  saw  what  means  were  in  his  power,  under  such  difficulties 
as  his  position  imposed  upon  him,  for  the  discoverv  of  such  a 
truth  as  he  had  attained.  Laplace  has  pointea  this  out, 
showing  how  to  the  fantastic  and  enen-ating  notion  of  a 
universe  arranged  for  Man  lias  sueccedod  the  sound  and  vin- 
fying  conception  of  Man  discovering,  by  a  positive  exercise  of 
his  intelligence,  the  general  laws  of  the  world,  so  as  to  be 
able  to  modify  them,  for  his  o^i-n  good,  within  certain  limits. 
Which  is  the  nobler  lot?  AAliich  is  most  in  harmony  with 
our  highest  instincts  ?  Which  is  the  most  stimulating  to  our 
faculties?    And  which  is  the  most  animating  to  our  feelings? 

One  more  remark  suggested  by  these  discoveries  is  that  a 
dear  distinction  is  for  e\'er  established  between  our  system 
and  the  universe  at  large.  The  old  notion  of  the  universe  as 
a  single  system  was  founded  on  the  error  of  the  stability  of 
the  earth  as  its  centre.  The  discovery  of  the  earth's  revolu- 
tion at  once  transported  all  the  external  stars  to  distances 
infinitelv  more  considerable  than  the  greatest  planetary  inter- 
vals, and  has  left  no  place  for  the  idea  of  system  at  all,  bqrond 
the  limits  of  our  sun's  influence.  We  do  not  know,  more  or 
less,  and  men  will  probably  never  know,  whether  the  innu- 
merable suns  that  we  see  compose  a  general  system,  or  any 
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number,  large  or  small,  of  partial  systems  entirely  independent 
of  each  other.  The  idea  of  the  universe  therefore  is  excluded 
from  positive  philosophy;  and  that  philosophy  is,  strictl] 
speaking,  bounded  by  the  limits  of  the  solar  system,  in  regard 
to  definite  results;  and  this  circumscription  is,  as  elsewhere, 
to  be  regarded  as  real  progress.  This  restriction  is  furthei 
justified  by  the  knowledge  we  have  obtained  of  all  really  uni« 
vcrsal  phenomena  being  essentially  independent  of  the  inte- 
rior phenomena  of  our  system,  since  the  astronomical  tables 
of  tlie  state  of  our  system,  prepared  without  reference  to  anj 
other  sun  than  our  own,  invariably  coincide  with  the  minutest 
direct  observations.  Tlie  theory  of  the  eartVs  revolution  has 
not  as  yet  exerted  its  due  influence  on  our  views,  and  espe- 
cially in  regard  to  this  last  consideration.  This  is  doubtless 
owing  to  the  imperfections  of  our  education,  which  keep  back 
these  high  philosophical  truths  till  even  the  best  minds  have 
been  possessed  with  an  opposite  doctrine :  so  that  the  positive 
knowledge  which  they  afterwards  attain  commonly  does  little 
more  than  modify  and  restrain  the  bad  tendencies  of  theu 
education,  instead  of  ruling  and  guiding  their  highest  hcvl- 
ties. 

Kepler^s  Laws. 

The  first  idea  that  occurs  to  us  when  we  are  once  satisfied 
of  the  revolution  of  the  earth  is  that  our  point  of  %iew  ought 
henceforth  to  be  the  centre  of  the  sun.    This 
transformation  of  our  observation  is  called  the   r^JJJ^ 
annual  parallax,  and  follows  the  same  rules  as 
the  diurnal  parallax,  allowance  being  made  for  the  much 
greater  distance.    Whether  our  obser>'ations  of  the  sidereal 
heavens  are  geocentric  or  heliocentric, — ^f5pom  the  middle  of  the 
earth  or  of  the  sun, — ^is  of  no  appreciable  consequence ;  but 
within  our  system  the  annual  parallax  is  of  sensible  import- 
ance.    AVhen,  from  the  central  point  of  view,  the  orbits  of  the 
planets  are  determined,  we  can  proceed  to  that  great  aim  and 
end  of  the  science, — ^the  prevision  of  future  conditions  <rf  the 
heavens  at  appointed  times. 

Tlie  earliest  supposition  was  that  the  motions 
of  the  planets  were  imiform  and  circular.    The   ^^^"^^^ 
ancients  had  a  superstition,  as  their  writings  abundantly  show, 
that  the  circle  was  the  most  perfect  of  all  forms,  and  therefore 
the  most  suitable  for  the  motion  of  such  divine  existences  as  the 
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stars.  Their  choice  of  the  form  was  wise :  they  had  to  sup- 
pose some  form,  while  that  of  the  circle  answerra  hest  to  what 
they  saw ;  and  we  ourselves  now  take  it  provisionally  in  form- 
ing the  theory  of  a  new  star.  But  the  suporstitious  attach- 
ment of  the  ancients  to  this  form  was  a  serious  impediment  to 
the  advance  of  astronomy.  For  every  deviation  and  new  ap- 
pearance a  new  circle  was  supposed,  till  all  the  simplicity  of 
the  original  hypothesis  was  lost  in  a  complication  of  epicycles. 
By  the  end  of  the  sixteenth  century  the  number  of  circles 
supposed  necessary  for  the  seven  stars  then  known  amounted 
to  seventy-four,  while  Tycho  Brahe  was  discovering  more  and 
more  planetary  movements  for  which  these  circles  could  not 
account.  Thus  it  is  that  men  cleave  to  old  ideas  and  methods 
till  they  are  utterly  worn  out,  and  proved  beyond  recal  to  be 
ineffectual,  under  all  additions  that  can  be  made  to  them. 

Then  came  Kepler,  the  first  man  for  twenty 
""*■•  centuries  who  had  the  courage  to  go  back  to  the 

beginning,  as  if  nothing  had  been  done  in  the  way  of  theoir. 
He  took  for  his  materials  the  complete  system  of  exact  ob- 
servations which  were  the  result  of  the  me  of  his  illustrious 
precursor,  Tycho  Brahc.  Notwithstanding  the  natural  hardi- 
hood of  his  genius,  his  works  reveal  to  us  how  strenuously 
he  had  to  maintain  his  enthusiasm,  in  order  to  support  the 
toils  of  so  bold  and  difficult  an  enterprise — rational  as  it  was. 
He  chose  the  planet  Mars  for  study;  and  it  was  a  happy 
choice  \  because  the  marked  eccentricity  of  that  planet  was 
most  apt  to  suggest  the  true  law  of  irregularity.  Mercury 
is  more  eccentric  still;  but  it  does  not  admit  of  continuous 
observation.  He  discovered  three  great  laws,  which,  extended 
from  the  case  of  Mars  to  that  of  ^1  the  other  planets  in  our 
system,  constitute  the  foundation  of  Celestial  Mechanics.  The 
first  law  r^ulatcs  the  velocity;  the  second  de- 
HiB  three  kwi.  tcrmincs  the  figure  of  the  orbit :  the  third  esta- 
blishes harmony  among  all  uie  planetary  motions. 

It  had  long  be^  remarked  that  the  angular 
Pint  law.  velocity,  (that  is,  the  larger  or  smaller  angle  de- 
scribed, in  a  given  time,  by  its  vector  radius,)  of  each  planet 
increases  constantly  in  proportion  as  the  body  approaches  the 
centre  of  its  motion;  but  the  relation  between  the  distance 
and  the  velocity  remained  wholly  unknown.  Kepler  disco- 
vered it  by  comparing  the  maximum  and  minimum  of  these 
quantities,  by   which  their  relation  became  more  sensible. 
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i        f     J         He  found  that  tlie  angular  velocities  of  Mars  at  its  nearest 
\    '  I  and  furthest  distance  from  the  sun  were  in  inverse  proportion 

*  to  the  squares  of  the  corresponding  distances.    Another  way 

of  expressing  this  law  is  used  by  himself;  that  the  area  de- 
scribed in  a  given  time  by  the  vector  radius  of  the  planet  is 
of  a  constant  magnitude^  though  its  form  is  variable:  en*, 
again^  in  other  words,  that  the  areas  described  increase  in 
proportion  to  the  times.  Thus  he  destroyed  the  old  notion  of 
the  uniformity  of  the  planetary  motions,  and  showed  that  the 
uniformity  was  not  in  the  arcs  described^  but  in  the  areas. 

The  second  law  was  less  difficult  to  discover, 
when  once  Kepler  had  surrendered  his  attach-  ^**"  ^* 
ment  to  the  circle.  The  next  figure  that  presented  itself  must 
naturally  be  the  ellipse,  M'hich  is  the  simplest  form  of  closed 
cun'e,  i^r  the  circle.  The  Greek  geometers  had  advanced 
the  abstract  theory  of  this  curve  some  way.  Kepler  could 
not  long  hesitate  where  to  place  the  sun  in  it :  it  must  be 
cither  in  the  centre  or  in  one  of  the  two  foci.  No  mathema- 
tical labour  was  needed  to  show  him  that  it  could  not  be  in 
the  centre:  and  thus,  in  constructing  elliptie  orbits,  Kepler 
was  necessarily  led  to  place  the  sim  in  the  focus  for  all  the 
planets  at  once.  His  hypothesis,  once  formed,  it  was  easy  to 
verify  it  by  comparison  with  observations,  the  first  principles 
of  the  required  calculations  being  laid  down  beforehand.  The 
second  law  of  Kepler  then  is  that  the  planetary  orbits  are 
elliptical,  having  the  sun  for  their  common  focus. 
These  two  laws  determined  the  course  of  each 
planet;  but  the  movements  of  all  round  their  ^"urduw. 
common  focus  seemed  to  be  purely  arbitrary,  till  Kepler  dis- 
covered his  third  law.  Being  distinguished  by  the  most  re- 
markable genius  for  analogy  ever  seen  in  man,  Kepler  sought, 
and  successfully,  to  establish  some  kind  of  harmonj  among 
all  these  various  movements.  He  spent  much  time  in  pursu- 
ing the  old  metaphysical  ideas  of  certain  mystic  harmonies 
which  must  exist  in  the  universe :  but,  beyond  the  general 
conception  of  harmony,  he  obtained  no  assistance  fix>m  these 
vague  notions.  Tlie  ground  on  wliich  he  proceeded  was,  in 
&ct,  the  obsen*ation  of  astronomers  that  the  planetary  revo- 
lutions are  always  slow  in  proportion  to  the  extent  of  their 
orbits.  If  he  had  confined  himself  to  tliis  ground,  this  dis- 
covery would  certainly  not  have  occupied  seventeen  years  of 
assiduous  toil.    At  last  his  labour  issued  in  the  discoven'  that 
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ibe  squares  of  the  times  of  the  pknetaiy  revolutions  are  pro- 
portional to  the  cubes  of  their  mean  distances  firom  the  sun : 
a  law  which  all  subsequent  observations  have  verified.  One 
important  result  of  tins  law  is  that  we  may  determine  the 
periodic  times  and  mean  distances  of  all  the  planets  by  any 
one.  By  it^  for  instance,  we  have  determined  tihe  duration  of 
the  year  of  Uranus^  when  once  we  knew  its  distance  from  the 
sun :  and,  conversely,  if  we  discovered  a  new  planet  very  near 
the  sun,  we  need  only  observe  its  short  revolution,  to  be  able 
to  calculate  its  distance,  which,  in  that  position,  we  could  not 
effect  by  other  means.  Astronomers  are  every  day  using  this 
double  facility,  afforded  them  by  Kepler's  third  law. 

These  are  the  three  laws  which  will  for  ever  constitute  the 
basis  of  celestial  geometry,  in  regard  to  planetaiy  motions. 
ThOT  answer  for  aU  the  bodies  in  our  system,  regulating  the 
satellites,  by  placing  the  origin  of  areas  and- die  focus  of  the 
ellipse  in  the  centre  of  the  respective  planets.  Since  Kepler's 
time,  the  number  of  bodies  in  our  system  has  more  than 
trebled;  and  all  have  in  turn  verified  these  laws.  By  them, 
motions  of  translation  require  for  their  determination  nothing 
more  than  a  simple  geometrical  problem,  which  demands  fix>m 
direct  observation  only  a  certain  number  of  data, — six  for 
each  planet.  And  thus  is  a  perfectly  logical  character  given 
to  astronomy. 

The  application  of  these  laws,  restricted  to  our 
2^P^        own  system,  is  naturally  divided  into  three  pro- 
blems; the  problem  of  the  planets;  that  of  the 
satellites ;  and  that  of  the  comets.   These  are  the  three  gene- 
ral cases  of  oiur  system ;  and,  by  the  application  to  them  of 
Kepler's  laws,  we  may  assign  to  every  body  within  the  system, 
its  precise  position,  in  all  time  past  and  all  time  to  come: 
and  thence  again,  we  can  exhibit  all  the  secondary  phenomena, 
past  and  future,  which  must  result  firom  such  relative  posi- 
tions.   The  next  striking  fact  of  this  kind  to  the  general 
mind  is  the  prediction   of  eclipses,  absolutely 
£^*^*"*  ^    conducive  as  it  is,  with  regard  to  the  accuracy 
'^*  of  our  geometrical  knowledge.    This  kind  of  pre- 

diction, quite  apart  from  the  vague  prophespng  of  ancient 
times,  when  eclipses  occurred,  as  they  do  now,  necessarily  fix>m 
the  planetary  orbits  being  all  closed  curves,  and  which  men's 
exiicrience  told  them  must  return, — began  in  the  immortal 
sdiool  of  Alexandria;  and  its  degree  of  precision,  to  the  hour. 
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then  to  tbe  minute,  then  to  the  second,  fidthfuDy  reprei 
the  great  historical  phases  of  the  gradnal  perfecting  o4 
lestial  geometry.  It  is  this  i^hich  will,  apart  fiom  all  c 
considerations,  for  ever  make  the  observation  of  edipe 
spectacle  as  interesting  for  philosophers  as  for  the  public, 
on  grounds  which  the  spread  of  the  positive  spirit  will  rcn 
we  may  hope,  more  and  more  analogous,  though  uneqi 
energetic. 

We  are  learning  to  make  more  use  of  this  class  of  ph 

mena,  and  to  make  out  new  uses  from  them,  as  time  goes 

Independentiy  of  their  practical  utility  in  regard  to  the  g 

problem  of  the  longitudes,  they  have  been  found,  with 

century,  very  important  in  determining  with  more  exacti 

the  distanoe'of  the  sun  from  our  earth.    Whether  it  b 

eclipse  by  the  moon,  or  the  transit  of  Venus  or 

Mercury,  the  diflfercnoe  in  duration  of  the.  phe-   ^^^*  * 

nomenon,  observed  in  different  parts  of  the  earth, 

will  furnish  the  relative  parallax  of  that  body  and  the 

and  consequently  the  distance  of  the  sun  itsel£    Some  be 

are  more  fit  than  others  for  this  experiment,  certain  condit 

being  necessary,  which  are  not  common  to  alL    Of  the  t 

known  bodies  which  can  pass  between  us  and  the  sun,  t^ 

the  Moon  and  Mercury — ^are  excluded  by  these  conditi 

and  there  remains  only  Venus.     Halley  taught  us  ho^ 

conduct  and  use  the  obscn-ation.    The  parallax,  in  sue 

I)Osition,  offers  suitable  proportions,  bdng  nearly  three  ti 

that  of  the  sun;  and  the  angular  velocity  is  small  enoug 

allow  the  phenomenon,  (lasting  from  six  to  eight  hours 

j         present  differences  of  at  least  twenty  minutes  between 

j         chosen  observatories.    I  have  specified  this  case,  on  aca 

\        of  its  extreme  importance  to  the  whole  system  of  astronon 

I         science ;  but  it  would  be  quitting  our  object  and  plan  to  m 

^ '  ^         any  other  secondary  cases. 

I  ^  I  must  remark  upon  one  very  striking  truth  which  booo 

apparent  during   the  pursuit  of  astronomical  sdencc;- 

distinct  and  ever-increasing  opposition  as  it  attains  a  hi| 

perfection  to  the  theological  and  metaphysieal  spirit.    Tl 

logical  philosophy  supposes  e\cry  tiling  to  be  governed  by  \ 

and  that  phenomena  are  therefore  eminently  \*ariable  and  i 

^         gular,— at  least  rirtually.   Tlic  Positive  philosophy,  on  the  ( 

i  trary,  conceives  of  them  as  subjected  to  invariable  laws,  vl 

I J         permit  us  to  predict  with  absolute  precision.      The  rac 
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incompatibility  of  these  two  views  is  nowhere  more  marked 
than  in  regard  to  the  phenomena  of  the  heavens;  since^  in 
that  direction^  our  prevision  is  proved  to  be  perfect  The 
punctual  arrival  of  comets  and  edipscs,  with  all  their  train  of 
minute  incidents^  exactly  foretold^  long  before^  by  the  aid  of 
ascertained  laws,  must  lead  the  common  mind  to  fed  that 
such  events  must  be  free  firom  the  control  of  any  will,  which 
could  not  be  will  if  it  was  thus  subordinated  to  our  astrono- 
mical decisions. 

Foundation  of  ^^  three  laws  of  Kepler  form  the  foundation 
Celettnl  of  the  higher  conception  to  which  we  are  next  to 

Mechanics.  p^gg  qu;  the  mechanical  theory  of  astronomical 
phenomena.  By  this  ulterior  study,  we  obtain  new  determi- 
nations ;  but  a  more  important  office  of  the  Mechanical  theory 
is  to  perfect  celestial  geometry  itself,  by  giving  more  predsion 
to  its  theories,  and  cstablishuig  a  sublime  connection  among 
all  the  parts  of  our  solar  system,  without  exception.  The 
laws  of  Kepler,  inestimable  as  they  are,  have  come  to  be  re- 
garded as  a  sort  of  approximation, — supposing,  as  they  do, 
various  dements  to  be  constant,  while  they  are  subject  to  more 
or  less  alteration.  The  exact  knowledge  of  the  laws  of  these 
variations  constitutes  the  prindpal  astronomical  result  of  ce- 
lestial mechanics,  independently  of  its  own  high  philosophical 
importance. 

SECnOK  IL 

DYNAMICAL  PHENOMENA. 

Graviiatian. 
The  laws  of  Motion,  more  difficult  to  discover 
lawiof  MoHon.  ^^^^  ^^^'^  ^^  extension,  and  later  in  being  dis- 
covered, are  quite  as  certain,  universal,  and  posi- 
tive in  diaracter :  and  of  course  it  is  the  same  with  their 
application.  Every  curvilinear  displacement  of  any  kind  of 
liody,— of  a  star  as  well  as  a  cannon  ball, — may  be  studied 
under  the  two  points  of  new  which  are  equally  mathema- 
tical: geometrically,  in  determining  by  direct  obscn-ation 
the  form  of  the  trajcctonr  and  the  kw  by  M'hich  its  velodty 
varies,  as  Kepler  did  with  the  heavenly  bodies;  and  mccha** 
nically,  by  seeking  the  law  of  motion  which  presents  the 
bodv  from  pursuing  its  natural  straight  course,  and  which, 
combined  with  its  actual  vdodty,  makes  it  describe  its  trajec- 
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tory,  which  may  henceforth  be  known  h  yriori.  Thcs 
qiiiries  are  evidently  equally  positive,  and  in  like  m 
founded  u^xin  phenomena.  If  wc  find  still  in  use  some 
which  seem  to  relate  to  the  nature  and  cause  of  motion, 
are  only  vestiges  of  a  mode  of  thinking  long  gone  by 
they  do  not  aflcct  tlie  positive  character  of  the  research. 

Tlie  two  motions  which  constitute  the  course  of  the  ca 
ball  are  perfectly  known  to  us  beforehand;  but  we  hav 
the  geometrical  knowledge  of  its  trajectoiy.  With  rega 
the  star,  our  knowledge  of  its  trajectory  compensates  ei 
for  the  difficulty  of  our  preliminary  ignorance  about  iti 
meutary  motions.  If  the  law  of  the  fall  of  weights  hai 
been  directly  established,  we  should  have  learned  it,  indir 
but  no  less  surely,  fix)m  the  observation  of  the  curvil 
motions  produced  by  wdght. 

Celestial  Mechanics  was  then  founded  on  a  firm   ^^^^^^  ^ 
basis,  when  tlurough  Kepler's  laws,  and  by  ihe 
rules  of  rational  Dynamics,  discovery  was  made  of  the  1 
direction  and  intensity  of  the  force  which  must  actSipo 

Slanet  to  divert  it  from  the  tangent  which  it  would  nati 
escribe.  This  fundamental  law  once  discovered,  all  ast 
mical  researches  enter  into  the  domain  of  Mechanics,  in  ^ 
the  motions  of  bodies  are  calculated  from  the  forces  ' 
impel  them.  This  was  the  course  pliilosophicaUy  and  ] 
veringly  piursued  by  Newton. 

It  does  not  detract  from  Newton's  merits  that  Keplc 
some  foresight  of  the  results  of  his  great  laws.  He  c 
their  dynamic  interpretation  as  far  as  the  science  of  hi 
permitted;  and,  seeking  for  what  could  not  yet  be  fom 
wandered  off  among  fantasies.  Tlie  true  precursors  of  Nc 
as  fomidcra  of  dpiamics,  were  lluyghens  and  Galileo,— 
dally  the  last :  yet  history  tells  of  no  such  succession  ol 
losopliical  efforts  as  in  the  case  of  Kepler,  who,  after  o 
tutiug  celestial  geometry,  strove  to  pursue  that  scicn 
celestial  mechanics  which  was,  by  its  nature,  reserved  foi 
tiire  generation.  As  the  means  were  wanting,  he  failed 
the  example  is  not  the  less  remarkable. 

The  fii-st  of  Kepler's  laws  proves  that  tlie  accelerating 
of  each  planet  is  constantly  directed  towards  the  sun. 
accelerating  force,  however  great  it  may  be  supjjosed,  do 
at  all  aflcct  the  magnitude  of  the  area  which  would  be  desi 
in  a  given  time  by  the  vector  radius  of  the  planet,  in 
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of  its  vclodty^  if  its  direction  passes  exactly  through  the  sun, 
while  it  would  inevitably  change  it  on  any  other  supposition. 
Thus,  the  permanence  of  this  area, — ^the  first  general  datum 
of  observation, — discloses  the  law  of  direction.  The  great 
difSculty  of  the  problem,  gloriously  solved  by  Newton,  lies  in 
the  discovery,  by  means  oi  Kepler's  other  two  theorems,  of  the 
law  of  the  intensity  of  this  action,  which  we  speak  of  as  ex- 
ercised by  the  sun  on  the  planets. 

"When  Newton  began  to  work  on  this  conception,  he  took 
Kepler's  third  law  as  his  basis,  supposing  the  orbits,  as  he 
might  do  for  such  a  purpose,  to  be  circular  and  uniform.  The 
solar  action,  equal,  and  opposed  to  the  centrifugal  force  of  the 
planet,  thus  became  ncce^arily  constant  at  the  different  points 
of  the  orbit,  and  could  not  vary  but  in  passing  firom  one  planet 
to  another.  This  variation  between  one  planet  and  another 
was  provided  for  by  the  theorems  of  Huyghens  relating  to  the 
centrifugal  force  in  the  circle.  This  force  being  in  proportion 
to  the  rdation  between  the  radius  of  the  orbit  and  the  square 
of  the  periodic  time,  must  vary  firom  one  star  to  another  in- 
versely to  the  square  of  its  distance  firom  the  sun,  in  virtue  of 
the  permanence  which  Kepler  showed  to  exist  of  the  relation 
between  the  cube  of  this  aistance  and  this  same  square  of  the 
periodic  time,  for  all  the  planets.  It  was  this  mathematical 
consideration  which  put  Newton  in  the  way  of  his  great  dis- 
covery, and  not  any  metaphysical  reasonings,  such  as  prevailed 
before  it,  and  which  probably  never  entered  his  mind,  one  way 
or  another. 

There  remained  the  difficulty  of  explaining  how  this  law  of 
the  variation  of  the  solar  action  agreed  with  the  geometrical 
nature  of  the  orbits,  as  exhibited  oy  Kepler.  The  elliptical 
orbit  presented  two  remarkable  points, — the  aphelion  and  the 
perihelion,  in  which  the  centrifugal  force  was  directly  opposed 
to  the  action  of  the  sun,  and  consequently  equal  to  it ;  and  the 
chalige  in  this  action  there  must  be  at  the  same  time  more 
marked.  The  cun^c  of  the  orbit  was  evidently  identical  at 
these  two  points ;  the  action  then  had  simply  to  be  measured, 
according  to  Huyghens'  theorems,  by  the  square  of  the  cor- 
responding velocity.  Thence,  it  was  easily  deduced,  from 
Kepler's  first  law,  that  the  decrease  of  the  solar  action,  from 
the  perihelion  to  the  aphelion,  must  be  inversely  to  the  square 
of  the  distance.  Here  was  a  full  confirmation  of  the  law 
whidi  related  to  the  different  planets  by  an  exact  comparison 
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^  between  the  two  principal  positions  of  each  of  them.  Sti 
howc^'cr,  the  elliptical  motion  had  not  been  considered.  A 
other  curve  would,  thus  far«  have  served  as  well  as  the  ellip 
provided  its  two  extremities  had  shown  an  equal  curvatw 
The  remaining  portion  of  the  demonstration, — ^the  measui 
ment  of  the  solar  action  tliroughout  the  extent  of  the  orb 
— ^is  to  be  obtained  only  by  transcendental  analysis.  The  pi 
cess  is  necessary  for  carrying  on  the  comparison  of  the  sol 
action  and  the  centrifugal  force;  and  the  theory  of  the  cu 
vature  of  the  ellipse  is  required.  JIuyghcns  made  a  near  a 
proach  to  the  principle  of  this  great  process;  but  it  could  n 
be  completed  without  the  aid  of  the  differential  analysis, 
which  Nc^^n  was  the  inventor,  as  weQ  as  Leibnits.  By  tl 
aid  of  this  analysis,  the  force  of  the  solar  action  in  all  pai 
of  the  orbit  is  easily  estimated,  in  various  ways; 
and  it  is  found  to  vary  inversely  to  the  square  of  Jj^J^^tj^, 
the  distance,  and  that  it  is  independent  of  the  di- 
rection. Furthermore,  the  same  method  shows,  in  aocordan 
mth  Kepler's  third  law,  that  the  action  varies  in  proportion 
distance  alone ;  so  that  the  sun  acts  upon  all  the  planets  alili 
whatever  may  be  their  dimensions,  their  distance  only  bdi 
the  circumstance  to  be  considered.  Thus  Newton  complci 
his  demonstration  of  the  fundamental  law  that  the  solar  acti< 
is,  in  every  case,  proportionate,  at  the  same  distance,  to  i 
mass  of  the  planet"!  m  the  same  way  that,  by  the  identi 
of  the  £Edl  of  all  terrestrial  bodies  in  a  vacuum,  or  by  the  pi 
cise  coincidence  of  their  oscillations,  proof  had  already  been  o 
taincd  of  the  proportion  between  their  weight  and  their  massi 
AVe  thus  see  how  the  three  laws  of  Kepler  have  concnned 
establishing,  according  to  the  rules  of  rational  mechanics,  tl 
fundamental  law  of  nature.  The  first  shows  the  tenden 
of  all  the  planets  towards  the  sun ;  the  second  shows  th 
this  tendency,  the  same  in  eveiy  direction,  changes  with  t 
distance  from  the  sun,  inversely  to  its  square ;  and  the  thi 
teaches  that  this  action  is  always  simply  proportionate,  t 
distance  beuig  equal,  to  the  mass  of  each  planet.  In  acoor 
ance  with  the  laws  of  Kepler,  which  relate  to  the  whole  inl 
rior  of  our  system,  the  same  theory  applies  to  the  connecti 
between  the  satellites  and  their  planets. 

Newton  thought  it  accessary  to  complete  his  dcmoustratii 
by  presenting  it  in  an  inverse  manner ;  that  is,  by  determini 
aprwri  the  planetary  motions  wliich  must  result  from  su 
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a  dynamic  law.  The  process  brought  him  back,  as  it  must 
do,  to  Kepler's  laws.  Besides  furnishing  some  means  of  sim- 
plifying the  study  of  these  motions,  this  labour  proved  that, 
whereas,  by  Kepler's  laws,  the  orbit  might  have  had  more  ^ 

figures  than  one,  the  ellipse  was  the  only  one  possible  under  f 

the  Newtonian  law.  f 

It  was  once  a  great  perplexity  to  some  people,  1 

^^\^^^  which  others  could  not  satisfactorily  explain,  that 
^^  when  the  planet  is  travelling  towards  its  aphelion 

we  cannot  say  that  it  tends  towards  the  sun.  But  the  diffi- 
culty arose  out  of  the  use  of  inappropriate  language.  The 
question  is,  not  whether  the  planet  is  nearer  to  the  sun  than 
it  lately  was,  but  whether  it  is  nearer  than  it  would  have  been 
without  the  force  that  sends  it  forward.  It  is  always  tending 
towards  the  sun  to  the  utmost  that  is  allowed  by  the  other 
force  to  which  it  is  subjected.  The  orbit  is  always  concave 
towards  the  sun ;  and  it  would  evidently  have  been  insur- 
mountable if  the  trajectory  could  have  been  convex.  In  the 
same  way,  when  a  bomb  ascends,  its  weight  is  not  suspended 
or  reversed :  it  always  tends  towards  the  earth,  and  is,  in  fact, 
falling  towards  it  more  rapidly  every  moment,  even  if  ascend- 
ing, because  it  is  every  moment  further  bdow  the  point  at 
which  it  would  have  heca  but  for  the  action  of  the  eaiiJi  upon 
it ;  and  its  trajectory  is  always  concave  to  the  ground. 
Term  AUrac  ^  ^^^^^  ^^^  ^^  carefully  avoided  giving  any 
tuM  inadmia-  name  to  the  tendency  of  the  planets  towards  the 
»We.  gun,  and  of  the  satcUites  towards  tiie  planets.  To 

call  it  attraction  would  be  misleading;  and  we,  in  truth,  can  know 
nothing  of  its  nature.    All  that  we  know  is  that  these  bodies 
are  connected,  and  that  their  eficct  upon  each  other  is  mathe-        i|   f 
matically  calculable.  It  is  by  quite  another  property  of  New-        t\ 
ton's  great  discovery  that  this  efiect  is  explained,  in  the  true        [  | 
sense  of  the  word, — that  is,  comprelicndcd  firom  its  conformity 
with  the  ordinary  phenomena  which  gravity  continually  pro- 
duces on  the  surface  of  our  globe.    I^t  us  now  see  what  this 
property  of  the  discovery  is. 

We  owe  a  great  deal  to  the  moon.  K  the  earth  had  no 
satellite,  we  might  calculate  the  celestial  motions  by  the  rules 
of  dynamics,  but  we  could  not  connect  them  with  those  which 
arc  under  our  immediate  observation.  It  is  the  moon  which 
affords  this  connection  by  enabling  us  to  establish  the  identity 
of  its  tendency  towards  the  earth  with  weight,  properly  so 
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called :  and  from  this  knowledge,  we  liave  risen  to  tlie  v 
that  the  mutual  action  of  the  heavenly  bodies  is  nothing  i 
than  weight  properly  generalized;  or,  putting  it  the  ot 
way,  that  weight  is  only  a  particidar  case  of  the  general 
tion.  Tlie  case  of  tlie  moon  is  susceptible  of  the  most  pre< 
testing.  The  data  are  known;  and  by  dynamical  analysis, 
intensity  of  the  action  of  the  earth  upon  the  moon  is  exac 
ascertainable.  We  have  only  to  suppose  the  moon  dose 
the  earth,  with  the  due  increase  of  this  intensity,  inversely 
the  square  of  the  distance,  and  compare  it  with  the  intern 
of  weight  on  the  earth,  as  manifest  to  us  by  tlie  fall  of  bod 
or  by  the  pendulum.  A  coincidence  between  the  two  amou 
to  proof;  and  we  have,  in  fact,  mathematical  dcmoustrat 
of  it.  It  was  in  pursuing  this  method  of  proof  that  New 
evinced  that  philosophical  severity  which  we  find  so  inten 
ing  in  the  anecdote  of  his  long  delay,  because  he  could 
establish  the  coincidence,  wliile  confident  that  he  had  die 
vered  the  &ct.  He  failed  for  want  of  an  accurate  mcasv 
ment  of  a  degree  on  the  earth's  surface;  and  he  put  as 
this  important  part  of  his  great  conception  till  Picard's  m 
surcment  of  the  earth  enabled  him  to  establish  his  Aem 
stration. 

The  identity  of  weight  and  the  moon's  ten- 
dency towards  the  earth  places  the  whole  of  ce- 
lestial mechanics  in  a  new  light.  It  shows  us  the 
motions  of  the  stars  as  exactly  like  that  of  projectiles  wl 
we  have  under  our  immediate  observation.  If  we  could  si 
our  projectiles  with  a  suflSdent  and  continuous  force, 
should,  except  for  the  resistance  of  the  air,  find  them 
models  of  the  planetary  system :  or,  in  other  words,  astrono 
has  become  to  us  an  artillery  problem,  simplified  by  the 
sence  of  a  resisting  medium,  but  complicated  by  the  vari 
and  plurality  of  weights. — ^If  our  observation  of  weight 
our  globe  has  hdped  us  to  a  knowledge  of  planetary  relatic 
our  celestial  obscr\'ations  have  in  turn  taught  ns  the  law 
the  variation  of  weight,  imperceptible  in  terrestrial  phc 
mcna.  Men  had  always  ooucdved  weight  to  be  an  inaltc 
ble  propei-ty  of  bodies,  finding  that  no  metamoqihosis,— 
even  from  life  to  death, — made  any  change  in  the  weight 
a  body,  while  it  remained  entire.  This  was  the  one  particv 
in  which  men  might  suppose  they  had  foimd  the  Absoli 
In  a  moment,  the  Newtonian  demonstration  overthrew  t 
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fkst-rootcd  Botion^  and  allowed  that  weight  was  a  relative 
quality, — not  under  the  circumstaucea  in  which  it  had  hi- 
therto been  observed^  but  under  the  new  one, — ^the  position  of 
the  observed  body  in' the  system, — ^its  distance  from  the  cen- 
tre of  the  earth.  The  human  mind  could  hardly  have  sought 
out  this  fact  directly :  but,  once  revealed  in  the  course  of  as- 
tronomical study/ the  verification  easily  followed;  and  experi- 
ments on  our  own  globe,  in  the  vertical  direction,  and  yet 
more  in  the  horizontal,  have  established  the  reality  of  the 
law,  by  experiments  too  delicate,  from  the  necessity  of  the 
case,  to  be  appreciable,  if  we  had  not  known  beforelumd  what 
diffeienccs  must  be  found  to  exist. 

It  is  to  express  briefly  the  identity  between 
2?^^«m^  weight  and  the  accelerating  force  of  the  planets 
iJSooMt.  ^^^  ^^^  happy  term  Gravitation  has  been  de- 
vised. This  term  has  eveiy  merit.  It  expresses 
a  simple  fact,  without  any  reference  to  the  nature  or  cause  of 
this,  universal  action.  It  afibrds  the  only  explanation  which 
positive  science  admits ;  that  is,  the  connection  between  cer- 
tain less  known  facts  and  other  better  known  hctA,  Since 
the  creation  of  this  term,  there  has  been  no  excuse  for  the 
continued  use  of  tlic  Mord  attraction.  It  is  desirable  to  avoid 
pedantry  in  language ;  but  it  is  of  high  importance  to  pre- 
serve pure  the  positive  character  of  so  fundamental  a  con- 
ception as  this,  oy  using  a  term  which  expresses  exactly  what 
we  know,  and  dismissing  one  which  assumes  what  is  purely 
fanciful,  and  wholly  incorrect.  Attraction  is  a  drawing  to- 
wards. Now,  when  we  draw  anything  towards  us,  the  dis- 
tance is  of  no  importance :  the  same  force  draws  the  same 
body  with  equal  case  three  feet  or  thirty  feet,  which  is  di- 
ficctly  contradictory  to  the  fitcts  of  gravitation.  Our  business 
is  with  the  fact  of  the  action,  and  not  at  all  with  its  nature. 
It  was  the  use  of  this  metaphysical  term,  it  now  appears, 
which  occasioned  tlie  opposition  that  the  Newtonian  theory 
encountered  so  long,  and  especially  in  France.  Descartes 
had,  by  laborious  eflbrts,  banished  the  notions  of  occult  quali- 
ties, which  he  perceived  to  be  so  fatal  to  science ;  and  in  this 
theory  of  attraction,  his  followers  saw  a  falling  back  into  the 
old  metaphysical  ddusions.  We  perceive  this  in  the  writings 
of  John  Bemouilli  and  Fontcnclle :  and  it  appears  that  the 
clear  and  ])ositive  scientific  intellect  of  France  did  good  ser- 
vice in  stripping  oflf  from  the  sublime  discovery  of  Newton 
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the  metaphysical  appearance  mrhich  obscured  its  reality  fi 
time. 

One  more  consideration  remains  to  be  adverted   Onriutic 

to.     We  have  r^arded  the  heavenly  bodies  thus   tlut  oThm 

far  as  points,  without  reference  to  their  forms   «o^^ 

and  dimensions.     But  as  it  is  proved  that  the  intenaty  of 

action  of  the  sun  on  the  planets,  and  of  the  planets  on  tl 

satellites,  is  proportioned  to  the  mass  of  the  lx)dy  acted  uf 

it  is  dear  that  ilie  force  operates  directly  only  on  molecu 

which  are  all  independently  affected  b^  it;  and  equally,  tl 

distance  being  the  same.    Tlie  graMtation  of  molcculei 

therefore  the  only  real  one;  and  that  of  masses  is  simply 

mathematical  result     In  the  mathematical  study  of  moti 

however  it  is  necessary  to  have  a  conception  of  a  single  foi 

instead  of  such  an  infimty  of  elementary  actions :  and  he 

arises  that  preliminary  part  of  celestial  mechanics  which  o 

sists  in  compounding  in  one  result  all  the  mutual  gravitat 

of  the  molecules  of  two  stars.    Newton  foimded  this  porti 

with  all  the  rest ;  and  the  two  theorems  which  he  cstablisl 

for  the  purpose  still  remain  the  commonest  expression  of  1 

important  theory.     He  proved  that  if  the  stars  were  tr 

spherical,  and  their  strata  were  homogeneous,  the  gravitat 

of  their  particles  would  be  so  balanced  that  the  bodies  mi^ 

be  treated  as  points,  in  the  study  of  their  motions  of  tram 

tion.    But  the  irregularity  of  their  forms,  however  sli( 

must  be  considered  in  the  thcoiy  of  their  rotations,  to  wh 

these  theorems  cease  to  be  applicable.     For  any  other  k 

than  the  sphere,  the  problem  becomes  very  complicated;  i 

the  analytical  difficulties  can  be  surmounted  only  W  apprc 

raation,  notwithstanding  all  the  perfections  iutroduoed  i 

the  theory  in  recent  times.    And  unless  we  oould  also  lei 

what  is  the  law  of  density  in  the  interior  of  the  stars, — a  ki 

of  knowledge  which  seems  to  be  for  ever  beyond  our  reach^ 

we  cannot  attain  a  perfect  solution. 

The  fundamental  law  of  Rational  Mechanics, 
which  declares  the  necessary  equality  of  action  ^*^j^^ 
and  reaction,  shows  that  gra>itation  must  be  ^^^ 
mutual, — ^tliat  the  sun  must  tend  towards  the  planets,  and  1 
planets  towards  their  satellites.  Tlie  extreme  inequality 
the  masses  renders  the  ascertainment  of  the  inverse  gran 
tion  extremely  difficult ;  yet  its  reality  is  established  by  i 
rious  secondary  phenomena.     The  gravitation  of  the  plaui 
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towards  cacb  other  is  a  necessary  part  of  tlie  whole  concep- 
tion ;  but  it  was  not  mathematically  demonstrated  till  New- 
ton's successors  deduced  firom  it  an  exact  explanation  of  the 
perturbations  observed  in  the  principal  motions  of  the  planets. 
Their  labours  have  established  secondary  gravitation  as  posi- 
tively as  the  primary. 

Thus  has  every  kind  of  proof  concurred  to  cstablbh  that 
great  fundamental  law  which  is  the  noblest  result  of  our  ag- 
gregate studies  of  nature.  All  the  molecules  of  our  system 
gravitate  towards  each  other,  in  proportion  to  their  masses, 
and  inversely  to  the  squares  of  theur  distances. 

I  dare  not,  as  many  do,  confidently  extend  the 
JJ^I"^^*^  application  of  this  law  to  the  entire  universe, 
lliere  can  he  no  objection  to  entertaining  it  ana- 
logically till  we  obtain  some  knowledge  of  the  mechanism  of 
the  sidereal  heavens ;  but  we  must  remember  that  we  have 
not  yet  that  knowledge,  and  that  we  cannot  promise  ourselves 
that  we  ever  shall.  Without  the  phenomena  of  our  own  sys- 
tem, the  theory  of  its  motions  would  be  only  an  intellectual 
exerdse  and  sport :  there  can  be  no  positive  science  apart  firom 
phenomena,  and  of  the  phenomena  of  the  universe  b^ond  our 
own  system  we  are  not  in  scientific  possession*.  It  must  be 
understood  that  I  advocate  simply  a  suspension  of  judgment 
where  there  is  no  ground  for  cither  affinnation  or  denial.  I 
merely  desire  to  keep  in  yievr  that  all  our  positive  knowledge 
is  relative ;  and,  in  my  dread  of  our  resting  in  notions  of  any- 
thing absolute,  I  would  venture  to  say  that  I  can  conceive  of 
such  a  thing  as  even  our  theory  of  gravitation  being  hereafter 
superseded.  I  do  not  think  it  probable;  and  the  fact  will  ever 
remain  that  it  answers  completely  to  our  present  needs.  It 
sustains  us,  up  to  the  last  point  of  precision  that  we  can  at- 
tain. If  a  future  generation  should  reach  a  greater,  and  feel, 
in  consequence,  a  need  to  construct  a  new  law  of  gravita- 
tion, it  will  be  as  true  as  it  now  is  that  the  Newtonian  theory 
is,  in  the  midst  of  inevitable  variations,  stable  enough  to  give 
steadiness  and  confidence  to  our  understandings.  It  will  ap- 
pear hereafter  how  inestimable  this  tiieory  is  in  the  interpre- 

*  M.  CcNute  omiU  Hero  all  notice  of  luch  poftitire  applications  at  we  ai«  abla 
to  make  in  Sidereal  astroiiouiT.  He  takcf  no  notice  of  tlie  fact  that  the  motion 
of  tlic  multiple  itan  in  elliptical  orbit*,  and  in  accordance  with  Kepler^a  law  of 
tlie  Telocitii>»,  demonttratct  the  existence  of  a  law  of  force,  according  to  the  in- 
Tcrsc  •quareof  the  distauoe.-^.  P.  N. 
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tation  of  the  phenomena  of  the  interior  of  our  system.  ^ 
already  see  how  mudi  we  owe  to  it^  apart  from  all  spec 
knowledge  which  it  has  given  us,  in  the  advancement  of  < 
philosophical  prepress,  and  of  the  general  education  of  huic 
leason.  Descartes  could  not  rise  to  a  mechanical  conc^ti 
of  general  phenomena  without  occupying  himself  with  a  ba 
less  hypothesis  about  their  mode  of  production.  This  iv 
doubtless^  a  necessary  process  of  transition  from  the  old  i 
tions  of  the  absolute  to  tlie  positive  view ;  but  too  long  a  en 
tinuance  in  this  stage  would  have  seriously  impeded  hum 
progress.  The  Newtonian  discovery  set  us  forward  in  t 
true  positive  direction.  It  retains  Descartes'  fundamen 
idea  of  a  Mechanism^  but  casts  aside  all  inquiry  into  its  ori{ 
and  mode  of  production.  It  shows  practically  how^  with< 
attempting  to  penetrate  into  the  essence  of  phenomena^ 
may  coimect  and  assimilate  them,  so  as  to  attain,  \nih  pre 
sion  and  certainty,  the  true  end  of  our  studies, — that  eri 
precision  of  events  wliich  a  priori  conceptions  are  necessar 
unable  to  supply. 
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CHAPTER  IV. 

CELESTIAL  STATICS. 

Consumma-  Kepler's  laws  connected  celestial  phenomena 

tion  by  to  a  certain  d^rrce^  before  Newton's  theory  was 

Kewton.  propounded:  but  they  left  this  imperfection, — 

that  phenomena  which  ranked  under  two  of  these  laws  had 
no  necessary  connection  ^ith  each  other.  Ne^\'ton  brought 
under  one  head  all  the  three  classes  of  general  facts^  uniting 
them  in  one  more  general  still ;  and  since  that  time  we  have 
T)een  able  to  perceive  exactly  the  relation  between  any  two  of 
the  phenomena  which  are  all  connected  with  the  common 
theory.  As  far  as  we  can  see^  there  is  nothing  more  to  gain 
in  this  direction. 

We  have  seen  what  this  great  conception  is  in  itself.  We 
have  now  to  obscn^e  its  application  to  the  mathematical  ex- 
planation of  celestial  phenomena,  and  the  perfecting  of  their 
study.  For  this  purpose,  we  will  recur  to  our 
ddor^na?'  for^ier  division  of  subjects,  and  contemplate  the 
phenomena  of  planets  as  immoveable  first,  and  of 
planets  in  motion  afterwards;  the  statical  phenomena  first, 
and  the  dynamical  afterwards. 

To  know  the  mutual  gra>itation  of  the  heavenly  bodies,  we 
must  know  their  masses.  Such  knowledge  once  appeared  in- 
accessible from  its  very  nature ;  but  the  Newtonian  theory 
has  put  it  within  our  power,  and  ftunished  us  with  a  wholly 
neii'  set  of  ideas  about  these  bodies.  There  are  three  ways  in 
which  tlie  inquiry  has  been  prosecuted,  all  dilTcring  firom  each 
Fint  method  Other,  both  in  generality  and  in  simplicity.  The 
of  inquiry  first  mcthod,  the  most  general,  the  only  one  in 
into  maMct.  f^^t  which  is  applicable  to  all  cases,  is  the  most 
difficult.  It  consists  in  analyzing  the  special  share  of  each 
body  in  the  perturbations  obscncd  in  the  principal  motions  of 
another, — ^both  of  translation  and  rotation.  Here  two  ele- 
ments are  conccnicd, — the  distance,  and  the  mass  of  the  star 
in  question.     The  first  is  well  known,  the  other  is  not;  and 
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only  an  approximate  determination  is  possible.  It  is  diffi 
to  apportion  the  shares  in  the  action;  and  geometers  p 
little  dependence  on  the  computation  of  masses  obtained 
this  method^  in  comparison  with  that  obtained  by  dther  of 
others. 

Nearest  in  generality  to  this  first  method  is  g^^,,^,^ 
that  which  Newton  employed  with  regard  to 
planets  that  had  a  satellite ;  that  of  comparing  the  motioi 
the  satellite  round  the  planet  with  that  of  the  planet  ro 
the  sun.  The  law  which  determines  the  action  by  the  disti 
being  compared^  in  its  results,  in  the  two  cases,  gives  the  r 
tion  of  the  masses  of  the  smi  and  the  planet.  The  mas 
Jupiter,  determined  by  Newton  in  this  way,  has  underg 
little  change  of  statement  by  methods  since  employed ; 
what  difference  there  is  is  almost  wholly  owing  to  the  dat 
the  process  being  now  better  known. 

The  third  method  is  the  most  direct  and  simple  t^^^^  ,„^ 
of  all ;  but  it  is  the  most  restricted,  as  it  is  ne- 
cessarUy  confined  to  the  planet  inhabited  by  the  observer, 
consists  in  estimating  the  relative  masses  oy  the  compari 
of  tlic  weights  which  they  produce.  If  we  knew  the  mas 
any  planet,  we  should  know  what  would  be  the  weighl 
things  on  its  surface,  or  at  a  given  distance ;  and  reciprocs 
the  weight  being  known,  we  arc  able  to  estimate  the  m 
With  the  pendulum,  we  have  measured  terrestrial  weight  ^ 
absolute  precision ;  and,  diminishing  it,  inversely  to  tiie  sqi 
of  the  distance,  we  shall  know  its  value  at  the  distance  of 
sun.  We  have  then  oidy  to  compare  it  with  the  amoi 
before  well  known,  which  expresses  the  sun's  action  upon 
earth,  to  find  immediately  the  relation  of  the  mass  of 
earth  to  that  of  the  sun.  With  regard  to  every  other  plai 
on  the  contrary,  it  must  be  the  estimate  of  its  mass  wl 
would  neld  that  of  its  corresponding  gravity.  All  these  i 
thods  being  practicable  in  the  case  of  the  earth,  its  mass 
comparison  with  that  of  the  sun,  must  be  considered  the  l 
known  of  all  within  our  system.  The  mass  of  the  moon,  i 
that  of  Jupiter,  are  now  estimated  almost  as  perfectly;  ] 
those  of  Saturn  and  Uranus  come  next.  We  are  less  s 
about  the  other  three  which  have  been  calculated, — Merci 
\'enus,  and  )Iars;  though  the  uncertainty  about  them  can 
be  very  great.  Of  the  telescopic  planets  and  the  comets 
know  scarcely  anything,  owing  to  their  extreme  smallui 
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which  prcdudes  their  exerting  any  sensible  influence  on  per- 
turbations. Comets  pass^  during  their  prodigious  course^  near 
very  small  stars,  such  as  the  satellites  of  Jupiter  and  Saturn, 
without  producing  any  perceptible  derangement.  As  for  the 
satellites,  we  have  no  knowledge  except  of  the  moon,  and 
approximately,  of  those  of  Jupiter.  No  comparison  of  results 
has  as  yet  e^Jiibited  any  harmony  whatever  between  them. 
The  only  essential  circumstance  which  they  present  is  the  vast 
superiority  of  the  size  of  the  sun  to  the  whole  contents  of  the 
system.  Those  entire  contents,  if  thrown  together,  would 
scarcely  amount  to  a  thousandth  part  of  the  mass  of  the  sun. 
Looking  abroad  from  the  sun,  we  see  alternating,  without  any 
visible  order,  here  decreasing,  there  increasing  masses.  We 
might  have  supposed,  a  priori,  as  Kepler  did,  that  the  masses 
were  regularly  connected  with  the  volumes  (which  are  them- 
selves irr^ular  however),  so  that  the  mean  densities  should  be 
continually  less  in  mathematical  proportion  to  their  distances 
from  the  sun.  But,  independently  of  this  numerical  law, 
which  is  never  exactly  observed,  the  simple  fact  of  the  decrease  ' 
of  densi^  presents  some  exceptions,  in  regard  to  Uranus, 
among  omers.    No  rational  ground  can  be  assigned  for  this. 

SECTION  L 
WEIGHT   OF   THE   EARTH. 

These  are  the  means  by  which  the  masses  of 
^n^ht  of  the  ^j^^  bodies  of  our  system  are  ascertained.  The 
remaining  process  is  to  bring  them  into  relation 
with  our  estimates  of  weight,  by  ascertaining  the  total  weight 
of  the  earth.  Bougucr  was  the  first  who  distinctly  perceived 
the  possibility  of  such  an  estimate,  during  his  scientific  expe- 
dition to  Peru,  when  he  found  that  the  neighbourhood  of  vast 
mountains  slishtly  aflectcd  the  direction  of  weight.  We  see 
how,  in  accordance  >vith  the  law  of  grantation,  a  considerable 
mass,  r^arded  as  condensed  in  its  centre  of  gra>'ity,  may 
affect  the  plumbline,  however  slightly,  if  it  be  brought  close 
enough,  suDJecting  it  to  a  secondary  gra>ntation,  which  affords 
data  for  a  comparison  between  the  action  of  the  earth  and 
that  of  the  mountain.  By  this,  some  estimate  may  be  formed 
of  the  proportion  of  the  mountain  to  the  globe.  In  the  time 
of  Bougucr  science  was  not  advanced  enough  to  admit  of  more 
than  the  conception  of  how  the  thing  could  be  done.     Half  a 
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century  latcr^  Maskelync  obecn^ed  the  mountain  Sclichallkm 
in  Scotland^  and  founol  that  it  occasioned  an  alteration  in  the 
natural  direction  of  weight  of  from  five  to  six  seconds;  and 
Hutton  deduced  from  this  that  the  weight  of  the  earth  is 
equal  to  four  and  a  half  times  that  of  a  similar  vohime  of  dis- 
tilled water  at  its  maximum  of  density.  Anything  like  ex- 
actness, however,  is  out  of  the  question  while  there  must  be 
so  much  uncertainty  about  the  weight  of  the  mountain,  whidi 
can  he  calculated  only  from  its  volume. 

When  Ck>ulomb  had  invented  his  Torsion  Balance,  intended 
to  measure  the  smallest  forces,  Cavendish  saw  how  the  earth 
might  be  weighed  by  comparing  it,  by  means  of  this  balance, 
with  artificial  masses  whicn  might  be  computed.  By  his  im- 
mortal experiments,  he  discovered  the  mean  density  of  our 
glol)e  to  be  five  and  a  half  times  equal  to  that  of  water ;  whence 
we  can,  if  we  think  proper,  deduce  the  weight  of  the  earth 
in  cwts.  and  tons. — We  thus  obtain,  among  other  advantages, 
some  insight  into  the  constitution  of  our  globe,  which  by  its 
positivity,  puts  to  flight  many  fanciful  notions.  The  density 
of  the  psurts'near  the  surface  is  so  far  below  the  average, — 
water  occupying  much  space,  for  instance, — ^that  the  density 
nearer  the  centre  must  be  much  above  the  average.  This  is 
in  accordance  with  the  indications  of  Celestial  Mechanics; 
and  it  furnishes  us  with  one  condition  of  the  interior  of  the 
globe.  There  can  be  no  void  there.  Wliat  there  is  we  know 
not,  further  than  that  it  must  be  something  consistent  with  the 
condition  of  superior  density. 

BECnON  IL 
FORM   OF  THE   PLANETS. 

Tlie  next  great  statical  inquiry  relates  to  the   Form  of  the 
form  of  the  heavenly  bodies,  as  deduced  from   pl"**^ 
the  theory  of  their  equilibrium. 

Geometers  suppose  the  planetary  bodies  to  have  been  ori- 
ginally fluid,  because  their  equilibrium  can  thus  consist  with 
,  only  one  form ;  whereas,  if  they  had  been  always  solid,  as 
I  our  earth  is  now,  their  equilibrium  might  have  been  compa- 
j  tible  with  any  form  whatever.  Several  phenomena  indicate 
this  supposition,  and  it  agrees  remarkably  ^ith  the  whole  of 
'.  our  direct  observations. 
I  If  the  planets  had  no  motion  of  rotation,  their  being  per- 
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fectly  spherical  would  accord  with  tlie  eqiiililmum  of  their 
molecules:  but  the  centrifugal  force  engendered  by  the  rota- 
tion must  necessarily  modify  the  primitive  form,  by  altering^ 
more  or  less,  the  direction,  or  the  intensity  of 
IJifflcult^rof  weight,  properly  so  called.  Huyghehs  esta- 
»q»>^-  tiighed  this  with  regard  to  the  direction,  and 
Newton  with  regard  to  the  intensity.  We  thus  become  easily 
assured  of  the  general  fact  of  the  nearly  spherical  form  of 
all  the  planets,  and  of  their  being  slightly  flattened  at  the 
poles:  but,  when  wc  go  further,  and  attempt  to  estimate 
their  forms  mathematically,  and  learn  the  precise  degree  of 
the  flattening  at  the  poles,  the  question  becomes  one  of 
transcendental  analysis,  and  is  involved  in  difficulty  which 
can  ne^xr  be  entirely  surmounted.  The  inquiry  involves  a 
sort  of  vicious  circle,  which  docs  not  admit  of  a  logical  issue. 
In  order  to  form  an  equation  of  the  surface,  we  ought,  by  the 
^-^  law  of  equilibrium  of  fluids,  to  know  the  weight 

fgiiau^  of  the   molecules  concerned;  whereas,  by  the 

law  of  graritation,  this  can  be  ascertained  only 
through  the  knowledge  of  the  form  of  the  planet,  and  even 
of  the  mode  of  variation  of  its  interior  densi^.  All  that  can 
be  done  is  to  discover  whether  the  proposed  form  fulfils  such 
and  such  conditions.  ^laclaurin  discovered  a  theorem,  highly 
valued  by  geometers,  which  has  become  the  basis  of  all  our 
inquiries  on  this  subject,  and  which  shows  that  the  ellipsoid  of 
re\'olution  precisely  fulfils  the  conditions  of  equilibrium.  But 
this  supposes  the  structure  of  the  body  to  be  homogeneous ; 
which  it  is  not,  in  any  case.  The  labours  of  geometers  have 
however  brought  niithin  very  narrow  limits  the  possible  varia- 
tions of  the  ix)lar  flattening.  The  result  with  regard  to  the 
earth  is  that  the  mathematical  rule  perfectly  agrees  with  di- 
rect observation. 

.  In  the  case  of  the  planets  we  have  another  re- 

Mrt^tio^  source.  Their  flattening  aficcts  certain  pheno- 
mena of  perturbation,  by  the  study  of  which  we 
obtain  materials  for  an  estimate.  Altogether,  the  calculations 
and  measurements  agree  more  closely  than  we  could  have 
ventured  to  hope.  Tlie  only  case  which  seems  to  present 
a  real  exception  is  that  of  Mars,  which,  by  its  magnitude, 
its  mass,  and  the  time  of  its  rotation,  should  be  little  more 
flattened  than  the  earth ;  whereas,  if  the  observations  of 
HerscheU  are  cxact^  it  is  almost  as  much  so  as  Jupiter. — ^^Ve 
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must  observe,  moreover,  that  though,  as  Maclaurin  has  sihc 
equilibrium  is  compatible  with  the  dlipsoid  form,  this  fon 
not  to  be  supposed  the  only  one : — ^witness,  in  bur  own  sysl 
the  rings  of  Saturn,  which  are  a  remarkable  example  to 
contrary:  and  Laplace  has  demonstrated  how  these  ri 
could,  even  in  a  fluid  state,  be  in  equilibrium. 

Tlie  most  usefid  consequence  of  the  mathema- 
tical theory  of  the  planetary  forms  is  that  it  has 
established  an  important  relation  between  the 
value  of  the  different  degrees  on  the  earth's  sur&ce  and 
intensity  of  the  corresponding  gravity,  measured  by  the  lei 
of  the  seconds  pendulum  in  different  latitudes.  We  can  tl 
with  great  ease,  multiply  our  indirect  obser^'ations  about 
form  of  our  globe ;  whereas  the  geometrical  estimate  of 
grees  is  a  long  and  laborious  operation,  which  cannot  be  o: 
repeated  with  due  care.  But,  generally  speaking,  the  n 
indirect  a  measurement  is,  cteteris  paribus,  the  more  uncer 
it  is :  and  there  remains  the  uncertainty  arising  from  our 
norance  of  the  law  of  interior  density  in  our  earth;  so  i 
our  chief  reliance  should  still  be  on  mathematical  measi 
ment,  conducted  with  due  care. 

An  interesting  question  belonging  to  the  hy-  Hydrottai 
drostatic  theory  of  the  planetary  forms  is  of  the  theoiy  of 
conditions  of  stability  of  equilibrium  of  the  fluids  "'^^^^  *" 
which  are  collected  on  a  part  or  the  whole  of  the  surface  of 
planets.  Laplace  shows  this  stability  to  depend,  under 
rircumstances,  on  the  density  of  tlie  fluid  being  less  than 
mean  density  of  the  planet ;  a  view  established  with  regard 
the  earth  by  Cavendish's  fine  experiment. 


SECTION  nL 

THE   TIDES. 

There  remains  the  question  of  the  tides, — ^the  last  imp 
tant  inquiry  under  the  head  of  celestial  statics.  Under  i 
astronomical  point  of  view,  this  is  evidently  a  statical  questii 
— the  earth  being,  in  that  new,  regarded  as  motionless :  t 
it  is  not  less  a  statical  question  in  a  mathematical  Aiew,  1 
cause  what  we  arc  looking  at  is  the  figure  of  the 
ocean  during  periods  of  equilibrium,  without  thcTu^/ 
tliinking  of  the  motions  which  produced  that 
equilibrium.  Moreover,  this  inquiry  naturally  belongs  to  I 
study  of  the  planetary  forms. 
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A  particular  intercut  attacli^  to  this  question ^  from  its 
being  the  link  between  cclesitial  and  terrestrial  physicsj — the 
celestial  explanation  of  a  great  terrestrial  phenomenon,— 
Descartes  did  much  for  ns  in  establishing  this.  He  failed  to 
explain  the  phenomenon ;  but  he  cost  aside  the  metaphysical 
conceptions  which  had  prevailed  Ix^fore^  and  showed  that  there 
was  a  connection  beti^een  tike  change  of  tlie  tides  and  the  mo- 
tions of  the  moon ;  and  this  certainly  helped  to  put  Ne^vton  in 
the  way  of  the  true  theory.  As  soon  as  it  was  known  that 
«the  cause  of  the  tides  was  to  he  looked  for  in  the  sky,  the 
theory  of  gravitation  was  certain  to  afford  its  true  explanation. 
Newton  therefore  gave  out  the  simple  principle  that  the  un- 
equal gravitation  of  the  different  parts  of  the  ocean  towards 
any  one  of  the  bodies  of  our  system,  and  parti cidarly  towards 
the  sun  and  moon^  was  the  cause  of  the  tides :  and  Daniel 
Bemouilli  afterwards  jierfected  the  theory*  The  same  theory 
answers  for  the  atmosphere :  but  we  liad  better  study  it  in  the 
case  of  the  seas  alone ;  on  account  of  the  uncertainty  of  our 
knowledge  of  the  vast  gaseous  covering  of  our  globe,  whose 
diffused  mass  almost  defies  precise  observation. 

Suppose  the  earth  joined  to  any  heavenly  body 
Thrafj  of  the  y^^  ^  jjj^g  passing  through  the  earth's  centre.  It 
is  clear  that  the  point  of  the  earth's  surface 
which  is  nearest  the  other  body  v^ill  gravitate  towards  it  more^ 
and  the  remoter  point  less,  than  the  centre,  inveracly  to  the 
squares  of  their  respective  distances.  The  first  point  tends 
away  from  the  centre :  and  the  centre  tends  away  from  the 
second  point ;  and  in  each  case  the  fluid  surface  must  rise ; 
and  in  nearly  the  same  degree  in  both  cases.  The  effect  must 
diminish  in  proportion  to  the  distance  from  these  points  in 
any  direction :  and  at  a  distance  of  ninety  degrees  it  ceases. 
But  there  the  level  of  the  waters  must  be  lowered  because  of 
the  exhaustion  in  that  place  caused  by  the  overflow  elsewhere. 
And  here  enters  a  new  consideration^  difficult  to  manage  :-^ 
the  changes  in  the  terrestrial  gravity  of  the  waters,  occasioned 
by  their  changes  of  Icvch — Thus  the  action  of  any  heavenly 
body  causes  the  ocean  to  assume  the  form  of  a  spheroid,  elon- 
gated in  the  direction  of  that  body.  Newton  calculated  the 
diief  part  of  the  phenomenon  of  the  tides  on  the  supposition 
of  an  ellipsoid  of  homogeneous  ^tnicture^  as  he  had  done  in 
estimating  the  effect  of  tlic  centrifugal  force  on  the  earth's 
figure,  substituting  for  the  centrifugal  force  the  difference  be- 
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twccn  the  gravitation  of  the  centre  of  the  globe  and  tl 
its  surface  next  the  proposed  body.     After  that,  Madai 
theorem  served  Daniel   Bemoiulli  for  a  bans  of  an 
theory  of  the  tides. 

Thus  far,  we  have  regarded  the  tides  only  as  if  they  w 
fixed  accumulation  of  waters  under  the  proposed  star, 
is  the  mathematical  basis  of  the  whole  question;  but  the 
striking  part  has  yet  to  be  considered, — the  periodical  rise 
fall.  It  is  the  diurnal  motion  of  our  globe  which  causes 
rise  and  fall,  by  carrying  the  waters  successively  into  ali 
positions  in  which  the  other  body  can  raise  or  depress  t] 
Hence  arise  the  four  nearly  equal  periodical  altcmat 
when  the  two  greatest  elevations  take  place  during  the 
passages  of  the  heavenly  body  over  the  meridian  of  the  p 
and  the  lower  levels  at  its  rising  and  setting;  the  total  p( 
being  precisely  fixed  by  combining  the  terrestrial  rotation 
the  proper  daily  movement  of  the  heavenly  body.  The 
indis|x;n8able  element  of  the  question  is  the  valuation  of 
powers  of  the  dificrcnt  heavenly  bodies.  This  calculatic 
easily  made  from  the  difference  between  the  graritation  ol 
centre  of  our  globe  and  that  of  the  extreme  points  of  its 
face  next  the  observed  body.  Guided  by  the  law  of  gra^ 
tion,  we  can  determine  which,  among  all  the  bodies  of 
system,  are  those  which  can  participate  in  the  phenomenon, 
what  is  the  share  taken  by  each.  We  thus  find 
that  the  sun  by  its  immense  mass,  and  the  moon  J^^JJJJJ* 
by  its  proximity,  are  the  only  ones  which  produce 
any  appreciable  tides :  that  the  action  of  the  moon  is  f 
two  and  a  half  to  three  times  more  powerful  than  f^.., 
that  of  jthe  sun ;  and  that,  consequently,  when  " 

thcpr  act  in  opposite  directions,  that  of  the  moon  preni 
which  explains  the  primary  obsen^ation  of  Descartes  about 
coincidence  of  the  tidal  period  with  the  lunar  dw. 

Thus  far,  we  have  considered  onlv  the  effect  of 
a  single  heavenly  body  upon  the  tides;  that  is,  ^JJ^ 
the  case  of  a  simple  and  abstract  tide.  Tlie  com- 
plication is  very  great,  when  the  action  of  two  such  bodies 
to  be  considered.  But  the  resources  of  science  are  suflSci 
to  meet  this  case,—- even  deriving  from,  it  new  means  of  e 
mating  the  mass  of  the  sun  and  moon; — ^and  also  of  cal 
lating  the  modifications  arising  out  of  the  various  distance! 
the  earth  from  either  body ;  and  again,  of  tracing  the  chanj 
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of  direction  caused  by  the  diurnal  movement  of  the  proposed 
body, — whether  in  accordance  with  the  earth's  axis  of  rota- 
tion, or  parallel  with  the  equator,  which  makes  the  difference 
between  the  tides  of  our  equinoctial  and  solstitial  lunar 
months.  As  for  the  difference  of  the  phenomenon  in  various 
climates,  the  consideration  of  latitude  is  the  only  one  which 
affords  much  result.  At  the  poles,  there  can  of  course  be  no 
other  tides  than  such  as  are  caused  by  the  flux  and  reflux  of 
waters  elsewhere,  as  the  earth  has  no  rotation  there.  The 
equator  must  exhibit  the  tides  at  their  extremes,  not  only  on 
account  of  the  diminished  gravitation  there,  but  yet  more  on 
account  of  the  more  complete  diversity  of  the  successive  |)osi- 
tious  occupied  by  the  waters  during  the  daily  rotation.  Else- 
where the  greatness  of  the  tide  must  vary  in  proportion  to  tlie 
force  of  the  rotation. 

Tlie  mathematical  theory  of  the  tides  accords 
CTi^wie  ^  ^^^  direct  observation  to  a  degree  which  is  really 
wonderful,  considering  how  many  hypotheses  geo- 
meters must  have  recourse  to,  to  make  the  questions  calcu- 
lable at  all,  and  how  many  inaccessible  data  would  be  required 
to  make  an  estimate  thoroughly  logical.  It  would  not  even  be 
enough  to  know  the  extent  and  form  of  the  bed  of  the  oceans 
Something  beyond  that  in  difliculty  is  required, — the  true  law 
of  density,  in  the  interior  of  the  earth,  as  with  regard  to  the 
figure  of  the  planets.  We  ought  to  know  too  whether  the  in- 
terior strata  are  solid  or  fluid,  in  onler  to  know  whether  they 
partici))ate  in  tidal  phenomena,  and  whether  they  therdbre 
modify  those  at  the  surface  or  not.  These  considerations  show 
the  soundness  of  the  advice  given  by  one  who  was  fiill  of  tbe 
true  mathematical  spirit,  consisting  above  all  in  the  relation 
of  the  concrete  to  the  abstract,  Daniel  Bemouilli,  who  rccoTn- 
mended  geometers  "  not  to  urge  too  far  the  results  of  formulas^ 
for  fear  of  drawing  concliisious  contrary  to  truth," 

Tlie  comparison  between  mathematical  theory  and  direct 
o1)sen'ation  lias  never  been  carried  out  to  any  advantage, — all 
the  measurements  having  been  taken  in  the  ports,  or  near  the 
sliore.  Tlie  tides  in  such  places  arc  very  indirect;  and  they 
cannot  properly  represent  the  r^ular  tides  fix)m  which  tliey 
issue,  their  force  being  chiefly  determined  by  the  form  of  the 
soil, — at  the  bottom  as  well  as  on  the  surface, — ^and  even 
ixrrha|)8  affected  by  its  structm*e.  Tlicse  are  incidents  wliich 
cannot  enter  into  mathematical  estimates;  and  to  them  we 


;1 


PROOF  OF  THE   THEORY. 

must  doubtless  refer  tlie  vast  differences  in  the  height  of 
tides  at  the  same  time,  and  in  nearly  the  same  plaee, — aSj 
instance^  the  tides  of  Bristol  and  Liverpool,  of  Granville 
Dieppe.  The  only  way  of  making  an  effectual  direct  obse 
tion  would  be  to  note  the  phenomena  of  the  tides  in  a  y 
small  island,  at  the  equator,  and  thirty  d^rees  at  least  £ 
any  continent,  for  such  a  course  of  years  as  would  allon 
repeated  rccoid  of  variations  as  repeatedly  foreseen.  In 
way,  and  in  no  other,  might  the  mathematical  theory  of 
tides  be  verified  and  perfected. 

TMiatever  may  be  the  uncertainty  with  regard  to  some  of 
data  of  this  great  theory,  it  has  that  conclusive  sanctions- 
fulfilment  of  its  precisions; — a  fulfilment  so  exact  as  to  gi 
our  conduct;  and  this,  as  we  know,  is  the  true  end  of 
science.  Tlie  princii)al  local  circumstances,  except  the  wii 
being  calculable,  it  has  been  found  practicable  to  assign 
each  port  the  mean  height  of  the  tides  and  their  times; 
thus  have  mathematical  determinations  been  proved  to  be  si 
ciently  conformable  to  reality,  and  a  class  of  phenomena  wh 
a  century  ago,  were  regarded  as  inexplicable,  have  been 
ferrcd  to  invariable  laws,  and  sho^^ii  to  be  as  little  arbitrar 
anything  else. 

Such  arc  the  philosophical  characteristics  of  the  tliree  gi 
questions  which  compose  the  statical  department  of  Celes 
Mechanics.  We  must  next  look  into  the  dynamical  departm< 
as  represented  by  the  phenomena  of  our  system. 
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CELESnAL  DYNAMICS. 
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PcrtnriM  *  '^^^  principal  motion  of  the  planets  is^  as  ire 
**^^'  liavc  seen,  determined  by  the  grantation  of  each 
of  them  toivards  the  focus  of  its  orbit.  The  regularity  of  this 
movement  must  be  impaired  by  the  mutual  gravitation  of  the 
bodies  of  the  system.  The  most  striking  of  these  derange- 
ments \rerc  obscn^ed  by  the  School  of  Alexandria,  in  the  &cst 
days  of  Mathematical  Astronomy ;  others  have  been  observed, 
in  proportion  as  our  knowledge  became  more  precise;  and 
now,  all  are  explained  with  such  completeness  by  the  theory  of 
gravitation,  that  the  smallest  perturbations  are  known  before 
diey  are  observed.  This  is  the  last  possible  test  and  triumph 
of  the  Newtonian  system. 

There  are,  as  Lagrange  pointed  out,  two  principal  kinds  of  per- 
turbations, which  differ  as  much  in  their  mathematical  theory 
as  in  the  circumstances  which  constitute  them ;  instantaneous 
changes,  from  shocks  or  explosions,  and  gradual  changes  or  per- 
turbations, properly  so  called,  caused  by  secondary  gravitation, 
T  --.  -*  requiring  time.    The  first  kind  may  never  have 

taken  place  m  our  system ;  but  it  is  necessary  to 
consider  it,  not  only  because  it  is  of  possible  occurrence,  but 
because  it  is  a  necessary  preliminary  to  the  study  of  tlie  other 
kind, — ^the  gradual  perturbations  being  treated  theoretically  as 
a  series  of  little  shocks. 

The  first  case  is  easy  of  treatment.  No  collision  or  explo- 
sion would  affect  Kepler's  laws :  and,  if  the  form  of  the  orbit 
was  altered,  the  accelerating  forces  would  remain  the  same; 
and  thus,  the  new  variation  once  understood,  our  calculations 
might  proceed  as  before.  Supposing  a  collision  between  two' 
planets,  or  the  breakage  of  one  planet  into  several  fragments 
oy  an  internal  explosion ;  there  might  be  any  variations  what- 
ever in  the  astronomical  elements  of  their  elliptical  move- 
ment; but  there  are  two  relations  which  are  absolutely  un- 
alterable, and  wliich  might,  in  my  opinion,  generally  enable  us 
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to  establish  the  reaKty  of  such  an  event  at  any  period  irhat- 
ever:  these  are  the  essential  properties  of  the  oontinuons 
motion  of  the  centre  of  gravity,  and  tlie  invariableness  of  the 
sum  of  the  areas, — both  resting  on  that  great  law  of  the  equality 
of  action  and  reaction  to  which  all  changes  must  conform. 
From  these  must  result  two  im|x>rtant  equations  between  the 
masses,  tlie  ^-clocitics,  and  the  jiositions  of  the  two  bodies,  or 
the  two  firagmeuts  of  the  same  body,  con^dercd  before  and 
after  tlie  event.  No  indication  at  present  leads  us  to  suppose 
that  the  case  of  collision  has  ever  occurred  in  our  system ; 
and  it  is  evident  that  such  an  cncoimtcr,  though  not  mathe- 
matically impossible,  would  be  very  difficult.  But  it  is  far 
othcr\\ise  with  regard  to  explosions. 

The  little  planets  discovered  between  Mars  and  Jui)iter 
have  mean  distances  and  perk)dic  times  so  nearly  identical, 
that  ^Ir.  Olbers  lias  conjectured  that  they  once  formed  a 
single  planet,  which  had  exploded  into  fragments.  Lagrange 
added  a  supposition,  from  the  irregularity  of  their  form,  that 
the  event  must  have  happened  aft^  the  consolidation  of  the 
primitive  planet.  Wlien  their  masses  become  known,  I  think 
this  conjecture  may  be  subjected  to  mathematical  proof, — ^in 
this  way.  By  calculating  the  positions  and  successive  velo- 
cities of  the  centre  of  gravity  of  the  system  of  these  four 
planets,  we  might,  if  they  had  such  an  origin,  retrace  the 
principal  motion  of  the  primitive  planet.  If  we  should  then 
find  this  centre  of  gravity  describing  an  ellipse  round  the  sun 
as  a  focus,  and  its  vector  radius  tracing  areas  proportioned  to 
the  times,  this  event  would  be  as  completely  established  as 
any  fact  that  we  have  not  witnessed.  AVe  have  not  yet  the 
materials  for  such  a  test ;  but  it  is  interesting  to  see  how  celes- 
tial mechanics  may  establish,  in  a  positive  manner,  events  like 
these  which  appear  to  have  left  no  evidence  beliind  them.  It 
is  obrious  tliat  the  instantaneous  cJiaractcr  of  such  a  change 
must  preclude  our  fixing  any  date  for  it,  since  the  phenomena 
would  be  precisely  the  same,  whether  the  explosion  were  rooeni 
or  long  ago.  It  is  otherwise  mith  regard  to  perturbations^ 
properly  so  called. 

Lagrange  Ijclieved  that  these  explosions  had  been  frequent 
in  our  system,  and  that  this  was  the  true  explanation  of  oomet^ 
judging  from  the  greatness  of  their  eccentricity  and  inclina* 
tiou,  and  the  smalluess  of  their  masses.  We  have  only  tc 
conceive  that  a  planet  may  have  burst  into  two  very  unequa 
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fragments,  the  larger  of  irhich  would  proceed  pretty  nearly  as 
before^  while  the  smaller  must  describe  a  very  long  ellipse, 
much  inclined  to  the  ecliptic.  Lagrange  showed  that  the 
amount  of  impulsion  necessary  for  this  change  is  not  great; 
and  that  it  is  less  in  proportion  as  the  primitive  planet  is 
remote  from  the  sun.  Tliis  opinion  is  far  fix>m  having  been 
demonstrated;  but  it  appears  to  me  more  satis&ctory  than 
any  other  that  has  been  proposed  on  the  subject  of  comets. 

The  important  and  difficult  subject  of  pertur- 
^•timuT'  ^*io^  is  *^®  principal  object  of  celestial  mecha- 
nics, for  the  perfecting  of  astronomical  tables. 
They  are  of  two  classes ;  the  one  relating  to  motions  of  trans- 
lation^ the  other  of  rotation.  The  latter  are,  as  before,  the 
most  difficult :  but  the  motions  of  rotation  are  less  altered 
than  the  other  dass,  within  our  own  system ;  and  they  are 
less  important  to  be  known. 

In  the  study  of  motions  of  translation,  the 
^?^^^^^  planets  must  be  treated  as  if  they  were  condensed 
m  their  centres  of  gravity. 
The  direct  method,  the  only  rational  one,  of  calculating  the 
diflferential  equations  of  the  motion  of  any  one  planet,  under 
the  influences  of  all  the  rest,  is  impracticable,  from  the  un- 
manageable complication  of  the  problem.  It  would  make  an 
inextricable  analytical  enigma.  Geometers  have  therefore 
been  obliged  to  analyze  directijr  the  motion  of  each  planet 
round  that  which  is  its  focus,  taking  for  modification  only  one 
at  a  time.  This  is  what  constitutes  in  general 
the  celebrated  problem  of  three  bodies,  though 
this  denomination  was  at  first  employed  only  for 
the  theory  of  the  moon.  It  is  easy  to  see  what  circumvolu- 
tions are  involved  in  this  method,  since  the  modifying  body, 
being  in  its  turn  modified  by  others,  compels  a  return  to  the 
study  of  the  primitive  body,  to  understand  its  perturbations. 
The  determination  of  the  motions  of  the  whole  of  our  system 
must,  by  its  very  nature,  be  a  ringle  problem.  It  is  the  im- 
perfection of  our  analysis  which  obliges  us  to  dinde  it  into 
detached  problems,  and  to  overload  our  formtdas  with  multi- 
plied modifications.  Tlic  elementary  problem  of  two  bodies, — 
one  of  these  even  being  reg^dcd  as  fixed, — is  the  only  one 
that  we  are  capable  of  bringing  to  a  solution ;  the  problem  of 
the  elliptical  motion,  represented  by  Kepler's  laws;  and  here 
the  calculations  are  extremely  laborious.    It  is  to  this  type 
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that  geometers  have  to  refer  the  motions  of  the^  plauet8> 
extremely  complicated  approximations^  accumulating  the  { 
turbations  sciiaratcly  produced  by  everybody  that  can  be  s 
posed  to  exei*t  any  influence ;  and  these  perturbations  preset 
the  series  required  for  the  integration  of  the  equations  bdo 
ing  to  the  case  of  the  three  bodies. 

Then  follows  the  task  of  choosing  the  perturbations  wli 
have  to  enter  into  the  estimate.  The  law  of  gra^itat 
enables  us  to  compare  the  secondary  influences  involved 
each  case^ — ^the  masses  of  all  within  our  own  system  be 
supposed  to  be  known.  It  is  a  favourable  circumstance 
mathematical  research  that  our  system  is  constituted  of  bo( 
of  very  small  mass  in  comparison  with  the  sun,  (making 
perturbations  extremely  small) ;  moreover,  very  few,  very 
from  each  other,  and  very  unequal  in  mass ;  the  result  of 
which  is  that,  in  almost  every  case,  the  principal  motioi 
modified  by  onlv  one  body.  If  the  contrary  had  been 
case,  the  perturbations  must  have  been  very  great,  and 
tremely  varied,  since  a  great  number  of  bodies  must  1 
powerfully  acted  in  each  disturbance.  Celestial  Mecha 
must  then,  we  should  think,  have  presented  an  inextrio 
complication,  being  incapable  of  reduction  to  the  problen 
three  bodies. 

This  study  of  modified  motions  divides  itself  into  tl 
parts,  answering,  as  in  a  former  case,  to  the  planets^  satel 
and  comets.  Rigorously  speaking,  we  ought  to  make  a  foi 
case  of  the  sun,  which  cannot  here  be  regarded  as  mot 
less,  because  the  planets  react  upon  it.  In  fact,  we  cai 
allow  ourselves  to  consider  any  point  within  the  systei 
motionless,  except  tlie  centre  of  gravity  of  the 
system  itself,  which  is  the  true  focus  of  plane-  ^J^yJ 
tary  motion,  and  round  which  the  sim  itself  must 
oscillate,  in  directions  which  vary  according  to  the  posit 
of  the  planets.  This  point  is  always  between  the  centre 
the  surface  of  the  sun.  But  we  cannot  approach  nearc 
the  fact  than  this :  we  shall  probably  never  be  able  to  indi 
this  centre  precisely;  and  it  is  enough  for  practical  purp< 
and  ucecssar}^  to  them,  to  consider  the  sun  as  fixed,  cxoc] 
to  its  rotary  motion.  Tlie  same  conclusion  must  be  eon 
with  regard  to  the  planets  and  their  satellites, — e\'en  in 
case  of  the  earth  and  moon,  where  the  variations  of  the 
mary  body  are  greatest.     Tlie  centre  of  granty  falling  wi 
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the  mass  of  the  primary  bodj^  its  variations  from  that  centre 
may  be  neglected  as  having  no  appreciable  influence  on  the 
motion  of  translation ;  and  thus,  celestial  mechanics  presents, 
in  this  branch,  no  other  problems  than  those  treated,  under 
another  point  of  ricw,  by  celestial  geometry.  . 

Tlie  simplest  problem  is  here,  as  before,  that  i 

Uw  Pknecl      ^^  ^^^  planets,  and  for  the  same  reasons, — the         '   ' 

smallness  of  their  eccentricities,  and  of  the  in- 
clinations of  their  orbits.  There  is  also  a  considerable  imi-  /  ^ 
formity  of  perturbations,  since  each  planet  remaining  in  the 
same  regions  of  the  sky,  continues  in  the  ^ame  mechanical 
relations,  thoiigh  their  intensity  varies  ^thin  certain  limits. 
The  least  pririleged  of  these  bodies  in  these  matters  is  unhap- 
pily our  own  planet,  on  account  of  the  heavy  satellite  which 
escorts  it  so  closely,  and  to  irhich  its  chief  perturbations  are . 
due ;  though  tliis  docs  not  save  it  firom  being  sensibly  troubled 
by  others,  at  the  period  of  opposition,  and  especially  by  such 
a  mass  as  that  of  Jupiter.  No  other  planet  with  satellites, 
not  even  Jupiter,  is  in  so  unfavom*able  a  case;  for  Jupiter's 
motion  could  not  be  very  much  deranged  by  the  action  of  his 
satellites,  howe^^er  near  in  position,  since  the  mass  of  the 
largest  is  less  than  a  ten-thousandth  part  of  his,  while  the 
mass  of  our  moon  is  a  sixty-eighth  part  of  that  of  the  earth. 
Jupiter's  circulation  is  sensibly  affected  by  Saturn  alone.  The 
simplest  case  of  all  seems  to  be  that  of  Uranus,  from  its  being 
the  last  planet,  and  very  remote  from  the  next ;  and  its  six  sa- 
tellites do  not  appear  to  trouble  its  motion. 

'the  problem  of  the  satellites  is  necessarily  . 

Sj^sISdlSfet.     ™^^  complicated  than  that  of  the  planets,  on  * 

account -of  the  instability  of  the  focus  of  the 
principal  motion,  as  in  celestial  geometry.    Besides  their  own  • 

perturbations,  the  sateUitcs  lia%*e  reflected  uix)n  them  all  those  '  . 
to  which  their  planet  is  liable.  Tlie  founders  of  Celestial  Me- 
chanics were  long  perplexed,  for  instance,  by  the  pei*petual 
acceleration  of  the  mean  motion  of  the  moon ;  it  was  consi- 
dered inexplicable,  till  Laplace  discovered  its  cause  in  the  slight 
variation  to  which  the  eccentricity  of  the  earth's  orbit  is  sub- 
ject. In  regard  to  the  direct  perturbations  of  the  satellites, 
there  is  an  essential  distinction  bctucen  the  case  of  one,  and 
that  of  several  satellites.  In  the  first, — the  single  case  of  our 
moon, — the  disturbing  body  is  the  sun,  on  account  of  its  un- 
equal action  on  the  planet  and  the  satellite.    If  the  difficulties  , 
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aridng  out  of  this  position  are  greater  than  in  the  case  o 
other  satellite,  it  is  partly  because  the  case  more  immcd 
concerns  us,  and  because  our  opportunities  of  obscrvatioi 
dose  more  fuUy  the  imperfection  of  our  means.  For,  h 
mathematical  point  of  view,  there  must  be  more  complex 
the  case  of  several  satellites ;  all  that  is  true  in  rc^^d  t 
being  true  in  regard  to  each  one,  with  the  addition  o 
mutual  action  of  the  members  of  tlie  group.  Their  pert 
tions  are  reduced  by  the  preponderating  size  of  their  pL 
but  from  there  being  so  many  of  them,  of  such  nearly 
sizes  and  direction,  and  all  so  close  together,  the  difficu 
calculating  their  motions  is  so  great  that  the  only  thcG 
yet  established  is  that  of  the  satellites  of  Jupit^.  Fo 
motions  of  three  of  them,  Laplace  found  means  complci 
account.  Those  of  Saturn  and  Uranus  are  known  ovly 
metrically,  we  having  not  even  an  approximate  estimate  of 
masses.  It  is  to  &  remembered,  however,  that  we  d< 
need  so  perfect  a  knowledge  of  them  as  of  the  moon ; 
that  a  much  less  exact  theory  will  suffice  for  them  tha 
the  moon,  whose  slightest  irregularity  is  very  evident  to 

The  comets  intervene  to  increase  our  difficulties 
about  the  satellites.  From  the  extreme  prolonga-  ^^^ 
tion  of  their  orbits,  and  their  inclination  in  all 
directions,  comets  are  in  a  state  of  ever  variable  mechi 
relations,  from  the  number  of  bodies  that  they  approa 
their  course ;  whilst  the  planets,  and  even  the  satellites, 
alw*ays  the  same  relations,  the  variation  being  only  in  tl 
tensity.  Tlie  perturbation  which,  in  every  other  case, 
a  very  small  proportion  to  the  gravitation,  may,  in  the  a 
comets,  exceed  it ;  so  that  it  is  conceivable  that  a  comet  i 
be  diverted  from  its  orbit,  and  become  a  satellite,  wh 
passes  near  so  considerable  a  body  as  Jupiter,  Saturn,  or 
Uranus.  Besides  the  eccentricities  of  comets,  there  are 
circumstances,  such  as  their  small  weight,  and  their  po 
loss  of  weight  by  parting  with  some  of  their  atmospne 
the  bodies  they  approach,  which  tend  to  perplex  the  stu 
their  perturbations.  These  are  the  indclents  which  mt 
so  difficult  to  foresee  exactly  the  return  of  these  little  b 
A\lien  we  have  studied  them  so  long  and  so  laborious 
to  have,  to  the  best  of  our  belief,  mastered  their  case,  W( 
that  their  periods  are  entirely  changed  through  one  on 
circumstance.     A  memorable  example  of  this  was  the  ( 
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of  1770,  calculated  by  LexeQ.    This  comet  had  then  a  rerolu- 
tion  of  less  than  six  years :  but  it  has  never  appeared  since, 
having  been  entirely  deranged  by  passing  too  near  Jupiter. 
The  imperfection  of  our  knowledge  about  these  small  Ixxlies 
is  from  the  same  cause  that  renders  them  of  very  little  con- 
sequence to  us.    From  their  vast  distances,  their  action  upon 
any  one  body  of  the  system  is  little  more  than  momentary ; 
and  their  lightness  prevents  even  the  satellites  from  being 
affected  by  their  passage.    The  passage  of  the  comet  of  1770        /  ^ 
among  the  satellites  of  Jupiter  proved  this,  in  a  striking  man- 
ner.   Tlieir  tables,  constructed  beforehand,  without  any  idea 
of  such  an  incident,  perfectly  agreed  with  direct  observations ; 
a  proof  that  the  intrusion  of  the  comet  did  not  sensibly  affect 
thdr  motions.    There  is,  therefore,  no  more  occasion  for  the 
puerile  fears  of  our  day  than  for  the  religious  terrors  of  former 
times,  in  regard  to  the  passage  of  comets.    Their  collision 
with  the  earth  is  all  but  impossu)le ;  and  th^  could  not  other- 
wise be  felt  at  all..     Their  mere  approadi,  however  near, 
could  have  no  other  effect  than  to  raise  somewhat  the  cor- 
responding tide.    If  a  comet  could  pass  two  or  three  times 
nearer  to  us  than  the  moon  (which  no  known  comet  could 
do)  its  veirv  small  mass  could  produce  no  other  effect  than  an 
imperceptible  rise  of  the  tides.    We  have  therefore  no  imme- 
diate and  practical  reason  to  regret  the  imperfection  of  our 
cometary  theories. 

.  Passing  fit>m  the  perturbations  proper  to  mo^ 

dfroutioo!^  tions  of  translation,  we  must  notice  those  belong- 
ing to  rotation. 
The  ellipsoid  bodies  of  our  system  must,  whether  they  be- 
gan or  not,  have  ended,  sooner  or  later,  with  turning  round 
one  of  their  axes, — and  that  one  the  most  stable, — ^that  of 
their  smallest  diameter :  for,,  as  we  have  seen,  it  is  their  rota-  V 

tion  that  has  produced  their  deviation  from  a  perfectly  spheri-  [* 

cal  form,  and  determined  the  direction  favourable  to  stability.  ': 

The  regularity  of  this  rotation  is  evidently  so  indispensable  to  , 

timi  lukfltL  ^^^  existence  of  living  bodies  on  the  surface  of  a 
^^  ^  planet,  that  we  might  i  priori  assert  this  sta- 

Ulity  wherever  life  is  possible,  fi^m  the  time  when  it  became 
possible.  But,  stable  as  each  planet  is  in  itself,  its  mutual 
grantation  with  others  must  introduce  certain  secondary  mo- 
difications, the  bearing  of  which  must  be  upon  the  direction 
of  its  axis  in  space.    It  is  only  with  regard  to  the  earth  that 
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PERTURBATIONS  OF   ROTATION. 

these  modifications  concern  us ;  for  however  great  they 
be  in  any  other  body,  they  could  in  no  way  affect  in. 

If  the*  planets  were  perfect  spheres^  the  total  gravity 
their  particles  must  pass  through  their  centres  of  g 
and  thus,  it  is  only  through  their  slight  failure  in  spl 
that  they  can  act  at  all  upon  one  another's  rotatioi 
failure  being  caused  by  the  rotation  itself.  We  see  he 
the  same  necessity  which  secures  the  stability  of  the  rol 
with  regard  to  their  duration  and  their  poles,  detei 
from  another  point  of  %iew,  the  inevitable  alteration 
parallelism  of  their  axes. — In  our  own  planet  the  pre 
of  the  equinoxes,  modified  by  the  nutation,  results  fin 
action  of  the  other  bodies  of  our  system,-— especially 
sun  and  moon, — upon  our  equatorial  protuberance.  The 
of  each  body  is,  as  in  the  case  of  the  tides,  in  the  direi 
of  its  mass,  and  inversely  to  the  cube  of  its  distance; 
the  sun  and  moon  are  the  only  bodies  whose  influenc 
be  considered.  Further,  the  extent  of  the  deviation  d 
on  the  mass  and  magnitude  of  the  earth,  on  the  time 
rotation,  on  its  degree  of  flattening,  and  on  the  obliq 
the  ecliptic.  The  intensity  of  the  influence  must  var] 
the  case  of  the  tides,  with  the  variable  distance  of  t 
firom  the  earth,  and  yet  more  of  the  moon;  but  the  i 
uniformity  is  too  slight  to  be  perceptible  to  direct  obsei 
— ^These  are  the  general  causes  which  determine  the 
changes  which  the  rotation  of  our  globe  undergoes,  in 
to  the  direction  of  its  axis  in  space. — The  case  of  th 
planets  bears  a  general  likeness  to  that  of  the  earth, 
according  to  the  different  inclinations  of  their  axes  t 
orbits,  their  position,  their  mass,  their  size,  the  dura 
their  rotation,  and  the  degree  of  their  flattening  at  th< 
On  all  these  grounds,  the  perturbations  of  Mars  are  tb 
remarkable. 

The  rotation  of  the  satellites  presents  one 
consideration  of  the  highest  interest, — ^that  re-  '^^* 
markable  equality  between  the  duration  of  this  rotati 
that  of  their  circuit  round  their  planet,  by  which  they 
alwavs  the  same  hemisphere,  except  from  those  ver] 
oscillations  called  librations,  whose  law  is  well  imdc 
The  fact  is  absolutely  certain  only  with  regard  to  the 
but  our  mechanical  principles  justify  our  erecting  it 
general  law  of  all  the  satellites.     Lagrange  has  shown 
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results  team  the  preponderance  that^  by  tbe  action  of  the 
planet,  the  nearer  hemisphere  must  acquire  at  the  outset, 
whence  arises  a  natural  tendency  in  the  satellite  to  return  per- 
petuallj  to  the  same  position.  If  it  is  thus  with  the  moon, 
there  is  every  reason  to  suppose  the  same  &ct  with  regard 
to  satellites  belonging  to  heavier  planets,  to  which  they  are 
proportionally  nearer. 

Such  are  the  various  kinds  of  perturbations  produced  in 
the  movements  of  the  bodies  of  our  system,  by  their  mutual 
action.  This  study  may  be  simplified  and  rendered  much 
more  exact,  by  the  device  of  referring  all  these  movements  to 
Berioe  of  an  ^  plane  whose  position  must  necessarily  be  inde- 
iiiTiriable  pendent  of  all  their  variations. — ^Among  several 
P'^B^  planes  which  have  been  proposed,  dificring  in 

ihdr  decrees  of  variableness,  M.  Poinsot  has  discovered  one 
which  is  the  only  truly  invariable  one,  but  which  is  extremely 
difficult  to  determine,  since  it  requires  not  only  an  estimate 
of  the  planetary  masses,  but  data  dependent  on  the  mathema- 
tical law  of  the  interior  density  of  the  heavenly  bodies, — a 
law  which  is  still  very  hjrpothctical.   The  theory  is  complete;  ; 

but  its  precise  application  is  at  present  impossible.  Whatever 
may  be  the  practical  difficulties,  we  cannot  but  fed  a  deep 
interest  in  seeing  how  Celestial  Mechanics  has  accomplished 
the  fixing  of  an  invariable  plane  in  the  midst  of  all  the  inte- 
rior perturbations  of  our  system,  as  Newton  had  first  reoog- 
nizea  an  inalterable  velocity, — ^that  of  the  centre  of  general 
gravity.  These  are  the  only  two  elements  in  our  system  which 
are  rigorously  independent  of  all  the  e\'ents  that  can  occur  in 
its  interior; — of  even  the  vastest  commotions  that  our  imagi- 
nation can  suggest.  Such  variations  as  they  can  be  conceived 
to  have  could  relate  only  to  the  most  general  phenomena  of 
the  universe,  produced  by  the  mutual  action  of  different  suns,  i , 

of  which  tliev  would  aflbrd  us  the  clearest  manifestation,  if  j 

such  knowledge  were  within  our  reach. 

We  end  this  study  of  perturbations  with  a  •  1 

®**^*y^       recognition  of  the  stabilitjr  of  our  own  system,  ] 

^^'^  in  regard  to  all  its  most  important  constituent 

bodies.  Setting  aside  the  comets,  all  the  variations  whatever 
of  any  perccptU)lc  value  are  periodical ;  and  their  period  is 
usually  very  long,  while  their  extent  is  very  small;  so  that 
the  whole  of  our  planetary  system  can  only  oscillate  with  ex-  1 

trcmc  slowness  round  a  mean  state,  from  which  it  deviates  j 
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very  little.  Through  all  starry  changes  the  translations  a 
onr  planets  present  the  almost  rigorous  invariablcness  of  tl 
great  axes  of  thdr  elliptical  orbits,  and  of  the  duration  i 
thdr  sidereal  re\'olutions:  and  their  rotation  shows  a  regi 
larity  even  more  perfect,  in  its  duration,  in  its  poles,  and  e^'ei 
though  in  a  somewhat  smaller  di^ree,  in  the  inclination  ofi 
axis  to  the  corresponding  orbit.  We  know,  for  instance,  th 
from  the  time  of  Hipparchus,  the  length  of  the  day  has  n< 
varied  the  hundredth  part  of  a  second.  Amidst  all  this  gem 
ral  regularity,  we  perceive  a  special  and  most  marked  stabilil 
with  rcgsurd  to  the  dements  which  are  concerned  in  the  coi 
tinned  existence  of  living  bdngs. — Such  are  the  sublime  thi 
Qrcms  of  natural  philosophy  for  which  humanity  is  inddiU 
to  the  sum  of  the  great  works  executed  in  the  last  century  I 
the  successors  of  Newton. 

The  general  cause  of  these  important  results  lies  in  tl 
small  eccentricity  of  all  the  principal  orbits,  and  the  sma 
diveigencc  of  their  planes.  If  the  planets  had  had  oemetai 
orbits  and  phnea,  thero  worid  imve  "been  no  rc^darity — x 
periodicity, — and,  we  may  add,  no  life  upon  their  surfiic 
No  planets  can  be  liabitable  but  such  as  have  their  osdllatioi 
restricted  within  very  narrow  limits. 

The  Mathematical  theoir  of  celestial  mechanics 
has  taken  no  notice,  thus  fer,  of  the  resistance  of  f^MiSS* 
any  general  medium,  in  whidi  these  motions  are 
proceeding.  The  conformity  of  our  mathematical  tables  wil 
obscri^ed  £u;ts  shows  that  the  resistance  is  iniix^rccptible  i 
degree ;  yet,  as  it  is  manifestly  imix)6sible  that  it  sliould  1 
nuU,  the  geometers  have  endeavoured  to  prepare  beforchai 
a  general  analysis  of  it.  Considered  apart  from  its  iutensit; 
this  action  is  of  a  totally  different  nature  from  that  of  pertu 
bations,  though  gradual  like  them :  for  it  cannot  be  periodia 
and  must  always  be  excrdscd  in  the  same  direction,  so  as  coi 
tinually  to  diminish  all  velodties,  and  the  more  the  great 
they  arc.  It  cannot  alter  the  portions  of  the  orbits,  but  a 
by  possibility  affect  only  their  dimensions,  and  periodic  time 
and  the  duration  of  rotations:  that  is,  it  affects  the  elemen 
which  arc  spared  by  the  perturbations.  Tims,  the  rotatid 
must  become  slower,  the  oroits  must  grow  smaller  and  rouude 
and  their  periodic  times  shorter;  because,  as  velocity  dim 
uishes,  the  solar  action  must  become  more  jiowcrful,  and  the 
effects  are  not  only  continuous,  but  always  increasing  in  n 
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So,  in  a  future  too  remote  to  be  assigned,  all  the 
i  of  our  system  must  be  united  to  the  solar  mass,  firom 
which  it  is  probable  that  they  proceeded :  and  thus  the  stabi- 
lity of  the  system  is  simply  in  relation  to  the  perturbations 
poperlv  so  odled.  These  are  among  the  incontestable  indica- 
tions of  Celestial  Mechanics. 

As  yet,  we  practically  fail  to  recognize  the  effect  of  a  resist- 
ing medium.  We  neither  trace  its  operations,  nor  should 
know  how  to  calculate  it  if  we  could  trace  it.  Wlienever  we 
do,  it  will  be  by  the  study  of  comets;  for  thdr  small  mass, 
and  the  great  surface  which  they  present  to  the  action  of  the 
medium  when  their  atmospheres  are  widely  diffused,  must 
render  its  resistance  much  more  appreciable  than  in  the  case  of 
planets, — ^their  velocity  being  besides  naturally  at  its  maximum 
at  the  moment  of  this  expansion.  Some  contemporary  astro- 
nomers believe  that  they  have  established  the  effect  of  this 
resistance  in  regard  to  one  or  two  comets.  Hitherto  the 
study  of  these  bodies  seems  to  be  only  n<^tively  useful,  to 
prevent  the  return  of  the  absurd  terrors  which  they  formerly 
occasioned.  We  now  see  that  there  is  no  body  in  our  qrstem,  ,  ^ 
however  insignificant,  whose  theory  may  not  offer  to  us  a  direct 
and  positive  interest,  since  we  may  owe  to  comets  the  know- 
ledge of  one  of  the  most  important  general  laws  of  the  system 
to  which  we  bdong,  and  that  which,  in  a  remote  future,  must 
chiefly  rule  its  destinies*. 

Indqwndenee  ^^  ^^^  geometrical  review  we  saw,  by  the 
ofthetohr  agreement  of  astronomical  tables  with  direct 
^iUm.  observation,  that  our  ^stcm  is  independent  of         . 

all  that  lies  outside.  This  incontestable  truth  is  confirmed  1^ 
the  mechanical  %iew.  If  our  system  gravitated  towards  any 
of  the  suns  outside,  the  action  of  other  suns  would  nearly  neu- 
tralize the  tendency.  Again,  it  would  be  only  by  an  unequal  *.' 
action  of  those  suns  upon  our  planets -that  any  change  could 
be  occasioned.  Again,  the  vast  distances  would,  according  to 
our  law  of  gra\itation,  make  the  action  of  remote  suns  im-  \ 

perceptible.  The  nearest  body,  if  a  million  times  heavier  than 
our  system,  would  produce  an  effect  incalculably  smaller  than  '  | 

the  action  which  occasions  our  tides.     We  may  therefore  pro-  - 

nounce  the  independence  of  bur  system  to  bie  perfectly  cer- 
tain.   I  notice  tJiis  because  we  seem  to  find  here  the  only 

*  M.  Comte  ctUnuitM  too  lightW  the  mdicitioiit  of  ft  medium  mea  hj 
£iicke*t  oomrt-J.  P.  K. 
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exception  to  the  great  encyclopedical  law  which  is  the  bans  oi 
this  work, — that  the  most  general  phenomena  rule  the  most 
particular,  without  being  in  any  degree  reciprocally  influenced. 
Thus  our  astronomical  phenomena  regulate  those  of  our  own 
globe, — ^whether  physical,  chemical,  physiological,  or  social 
Yet  here  we  find  diat  the  phenomena  of  the  universe  haTenc 
influence  over  those  of  the  solar  system.  There  is  no  difficult]^ 
about  this  to  persons  who,  like  myself,  admit  that  our  re- 
searches are  limited  by  the  boundaries  of  our  own  system,  and 
that  positive  knowledge  cannot  go  beyond  it.  The  study  ol 
the  universe  forms  no  part  of  natural  philosophy:  a  trutl 
which  will  become  more  apparent,  and  be  seen  to  be  more 
important  the  further  our  studies  extend. 

At  the  close  of  this  brief  review  of  celestial  dynamics,  w< 
see  that,  great  as  are  the  achievements  dnce  Newton's  time 
we  are  reminded  in  many  directions  of  the  imperfection  whid 
results  from  the  insufiiciency  of  our  mathematical  analysis, 
In  the  execution  of  astronomical  tables  it  has  to  borrow  Ron 
celestial  geometry  other  aid  than  the  estimate  of  indispensable 
data,  derived  from  direct  obsen^ation ;  and  this  in  regard  no< 
only  to  bodies  whose  mechanical  theory  is  but  just  initiated 
but  with  regard  to  some  with  which  we  are  best  acquainted. 

We  see  however  that  besides  the  sublime  direct  AchieremenU 
knowledge  afibrdcd  to  us,  celestial  dynamics  has  of  Odettiid 
I)OwcrfuUy  contril)uted  to  perfect  the  whole  body  Dyn*""*- 
of  astronomical  theories  in  regard  to  their  definitive  aim,-^ 
the  exact  prevision  of  the  state  of  the  heavens  at  any  perioc 
whatever,  past  or  future.  Kepler's  laws  might  suffice  to  de 
termine  the  state  of  our  system  for  a  short  time,  proper  dati 
being  chosen ;  but  if  we  wish  to  extend  the  inqmry,  back  o] 
fom-ards,  to  any  considerable  period,  we  find  the  most  perfec 
theory  of  perturbations  absolutely  necessary.  It  is  to  oelestia 
dynamics  that  we  owe  our  power  of  ranging  up  and  dowi 
the  centuries,  to  fix  the  precise  moments  of  various  cclestia 
phenomena,  such  as  eclipses,  with  certainty,  and  with  a  minute 
ness  only  inferior  to  that  which  is  possible  in  the  case  of  pre 
sent  ev^ts. 

Though  we  have,  according  to  my  view,  completed  our  con 
sideration  of  astronomical  science,  it  would  be  fdt  to  be  i 
great  omission  if  we  passed  over  altogether  what  is  now  callei 
Sidereal  Astronomy.  We  will  therefore  see  how  much  ther 
is  that  we  can  conceive  to  be  positive  in  regard  to  cosmogony 
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CHAPTER  VL 

SIDEREAL  ASTBOKOMT  AND  COSMOGONY. 

\r  w  y  c*  The  only  branch  of  Sidereal  Astronomy  which 
Multiple  Stan,  ^pp^^  ^o  admit  of  cxact  study  is  that  of  the 
relative  motions  of  the  Multiple  Stars^  first  discovered  by 
Herschcll.  By  multiple  stars  astronomers  understand  stars 
very  near  each  other,  whose  angular  distance  never  exceeds  a 
half  minute,  and  which,  for  this  reason,  appear  to  be  one,  not 
only  to  the  naked  eye,  but  to  ordinary  telescopes,  only  the 
most  powerful  lenses  being  able  to  separate  them.  The  rela- 
tive movements  of  these  stars  tend  to  deceive  us  as  to  their 
precise  multiple  character,  as,  for  instance,  by  mutual  occulta- 
tions,  which  do  not  permit  us  to  separate  them.  Among  some 
thousands  of  multiple  stars  registered  in  the  catalogues,  before 
the  southern  heavens  had  been  really  explored,  almost  all  were 
only  double,  and  we  have  found  none  which  are  more  than 
triple, — a  circumstance  which  may  be  owing  solely  to  the  im- 
perfection of  our  telescopes,  as  we  knew  of  none  but  single 
stars  before  Hcrschell's  time.  Howe\'er  interesting  the  study 
of  them  is,  they  constitute  only  a  particular  case  in  the  uni« 
verse,  as  the  intervals  of  the  stars  which  compose  them  are 
probably  much  smaller  than  those  which  divide  the  suns  of 
the  universe,  so  that  the  study  of  their  relative  motions  does 
not  lead  us  up  to  any  of  the  gix^t  general  phenomena  of  the 
heavens,  and  the  speciality  would  be  more  conspicuous  if  as- 
tronomers did  what  I  thmk  they  ought, — form  their  catalogues 
of  those  double  stars  only  whose  motions  they  have  fully  esta- 
blished. AVith  regard  to  others,  we  cannot  be  sure  whether 
their  duality  is  a  real  relation  or  an  accident.  Knowing  no- 
thing whatever  of  their  iuten^al,  or  of  the  distance  of  either  of 
them  from  us,  we  cannot  be  sure  whether  they  form  a  system 
any  more  than  any  other  two  stars  combined  by  chaiice  in 
the  heavens.  Because  a  few  incontestable  examples  are  before 
us  of  a  binary  system,  in  which  the  smaller  circulates  round 
the  larger,  it  is  anything  but  philosophical  to  conclude  the 
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same  to  be  the  case  vMi  the  >Thole  multitude  of  double 
some  of  >vliich  may  appev  so  merely  through  an  accid 
position,  apparent  only  to  our  o^*n  system,  Analc^ 
applicable  here;  as  >vliat  looVji  like  toalogy  is  merely  tli 
perfection  of  oiir  investigations.  No  astronomer  would 
ture  to  assert  that  if  our  tclescoix^  were  what  they  ma; 
day  become,  we  might  not  find  between  stars  now  appai 
independent  a  multitude  of  clustered  intermediate  stars 
should  render  the  case  of  duality  almost  general.  Tlie 
rent  nearness  would  not  then  be  a  sufficient  ground  foi 
suming  their  mutual  revolutions,  because  it  is  in  virtue  oi 
very  small  number  that  analogy  now  suggests  tluit  prci 
tion.  The  only  jxisitive  study  in  sidereal  astronomy  is  t] 
the  known  relative  motions  of  certain  double  stars,  at  pi 
not  more  than  seven  or  eight  in  number.  We  could 
hope  to  assign  Tilth  accui*acy  their  orbits,  or  their  pc 
times,  or  any  solid  basis  for  dynamical  conclusions*, 
importance  of  such  inquiries  is  much  diminished  by  th( 
sideration  that  our  system,  which,  in  such  a  case,  meat 
sun,  belongs  to  no  groups  of  the  kind,— <3ither  investigai 
merely  pointed  out.  This  circumstance  seems  to  me  i 
all  acddental;  for,  if  our  system  made  a  part  of  a  ^ 
star,  which  it  is  not  difficult  to  imagine,  it  would  probal 
impossible  for  us  ever  to  be  aware  of  the  other  part  of  c 
duality,  because  in  the  direction  of  the  sun  it  would 
near  that  its  light  would  be  lost  to  us  in  that  of  oui 
Such  a  case  might,  however,  have  a  scientific  interest  i 
not  only  as  elucidating  the  displacements  of  our  systei 
as  allowing  such  great  precision  as  might  arise  from  th< 
tion  of  the  inquirer  on  one  of  the  stars  of  the  couple. 

The  first  of  the  few  orbits  of  double  stars  known  to  i 
mvestigated  by  Savary.  Tlicy  all  present  a  veiy  consid 
eccentricity,  the  smallest  of  which  is  double,  and  the  gi 
four  times  gi*eater  than  that  of  the  most  eccentric  in  our  s] 
Of  their  |xjriodic  times,  the  shortest  slightly  exceeds 
years,  and  the  longest  six  hundred.  AVe  cannot  perceiv 
the  eccentricity  and  the  duration  bear  any  fixed  relati 
each  otlier,  and  neither  seems  to  dejiend  at  all  on  the  ai 

*  M.  C(nntc  {|uite  underrates  tliciniportAncc  of  the  plienoincna  of  the  i 
*tnrs.  Tlic  orbits  of  a  verj-  eoiisiderable  nuinlKT  are  now  distinctly  asec 
and  t)ie  ]aws  of  motion  in  tlicir  orbits.  Tlie  existence  of  a  motion  (^  k\ 
is  fixed,  with  regard  to  tlic  far  greater  number. — J.  P.  N. 
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distance  of  the  respective  pairs  of  stars.  This^is  the  siUn  of 
nrhat  vre  know  about  the  double  stars;  and  unless  we  could 
learn  something  of  their  linear  distance  from  our  system  and 
from  each  other,  our  conceptions  can  neither  be  accurate,  nor 
of  great  importance.  M.  Savary  has  proposed  a  method, 
foimded  on  the  known  velocity  of  light,  oy  which  these  dis- 
tances will,  if  ever,  be  estimated*:  but  the  imcertainty  of 
some  of  the  elements  which  must  enter  into  the  question  is 
so  great  that  the  most  that,  can  be  hoped  for  is  the  fixing  of 
certain  limits  within  which  the  real  distance  may  be  supposed 
to  he :  and  this  is  all  that  M.  Savary  himself  proposed.  At 
present,  we  know  only  the  nearer  limit,  beyond  which,  not 
only  the  double  stars,  but  the  whole  sturry  host,  are  known 
to  lie. 

Proceeding  now  to  ascertain  what  we  may  ra« 
Our  CooDo-  tionaUy  conceive  of  our  own  cosmc^ny,  I  need 
hardly  say  that  we  must  put  aside  altogether  any 
notion  of  creation,  as  unintelligible, — ^all  that  we  are  able  to 
conceive  of  being  successive  transformations  in  the  sky ;  and 
of  these,  only  such  as  have  produced  its  present  state.  Here, 
again,  we  find  our  own  system  to  be  the  only  subject  of  know- 
ledge. We  are  in  possession  of  some  facts  in  regard  to  it 
which  may  bear  testimony  to  its  immediate  origin ;  but  we 
can  form  no  reasonable  conjectures  about  the  formation  of  the 
suns  themselves.  The  phenomena  necessary  for  such  a  purpose 
are  not  only  not  exploit  but  not  explorable.  Whatever  may 
be  the  interest  of  Herschell's  curious  observations  on  the  pro- 
gressive condensation  of  the  nebulse,  they  do  not  warrant  his 
conclusion  of  their  transformation  into  starsf ;  for  from  such 
a  conclusion  must  flow  consequences  about  form  and  motion 
which  must  be  in  harmonv  %nth  established  phenomena;  and 
of  these  we  have  absolutely  none. 

Q,^  ^  The  beginning  of  positive  cosmogony  was  when 

PMtiTe  geometers,  pursuing  the  mathematical  theory  of 

Cotmogony.  the  figures  of  the  planets,  showed  that  they  were 
originally  in  a  state  of  fluidity.  AVe  cannot  go  further  back 
thim  this :  and  we  must  set  out  with  an  existing  sun,  turning 

*  They  mre  calculated ;  but  by  ftrictW  geometrical  methods. 

t  TliU  portion  of  Hencliell*!  qieculation  must  be  abandoned.  What  be 
fimcied  to  bo  histanecs  of  nebulous  matter  turn  out  to  be  galaiies,  or  Tast 
groups  of  stars.~J.  P.  N. 
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on  its  axis  vritli  an  indeterminate  velocity,  admitting,  fc 
formation  of  the  planetary  system,  no  agencies  which  we  d 
now  see  at  work,  in  the  phenomena  which  we  habitnallj 
ness,  though  they  may  have  wrought  formerly  on  a  larger 
These  restrictions  are  indispensable  to  the  scientific  diaj 
of  the  inquiry;  and,  after  all,  our  cosmogonic  theories, 
ever  guarded,  must  remain  essentially  conjectural,  if  ei 
plausible.  No  mathematical  principles  can  enter  here  ai 
celestial  mechanics,  leading  us  up  to  a  definite  theory  ai 
eluding  everv  other.  No  abstract  theory  of  formatic 
possible ;  and  the  utmost  we  can  do  is  to  collect  such  in£ 
tion  as  can  be  had,  construct  hypotheses  from  it,  and  coi 
them  carefully  and  continuously  with  the  whole  of  thi 
nomena  that  we  explore.  Such  hypotheses,  whatever  c 
of  consistency  they  may  attain,  can  never,  like  the  1 
gravitation,  take  rank  among  general  facts :  for  we  can 
be  sure  that  some  other  h}'pothesis  may  not  turn  up 
would  equally  wdl  answer  the  present  puipoae,  and 
others  besides. 

The  eosmogonv  of  Laplace  seems  to  me  to  pre- 
sent the  most  plausible  theory  of  any  yet  pro-  ^5J2 
posed.  It  has  the  eminent  merit  of  requiring,  for  ^^ 
the  formation  of  our  system,  only  the  simple  agents,  ^ 
and  heat,  which  meet  us  everywhere,  and  which  are  th< 
two  principles  of  action  which  are  absolutely  general, 
point  in  which  I  differ  from  Laplace  is  with  regard  to  0( 
which  he  regards  as  strangers  in  our  system;  wheres 
grarigc's  view  of  them,  before  cited,  appears  to  be  prefc 
as  bdng  consistent  with  the  independence  of  our  solar  g 

The  hypothesis  of  Laplace  tenas  to  explain  the  gcner 
cumstances  of  our  system,  viz.,  the  common  direction 
the  planets  from  west  to  east;,  that  of  their  rotations 
that  of  all  the  satellites :  also,  the  small  eccentricity 
the  orbits;  and  finally,  the  small  inclination  of  their  j 
especially  in  comparison  with  that  of  the  solar  equator. 

It  is  supposed  by  this  theory  that  the  solar  atmosphei 
originally  extcndca  to  the  limits  of  our  system,  in  \\s 
its  extreme  heat ;  that  it  was  successively  contracted  bj 
ing ;  and  that  the  planets  were  formed  by  this  condcni 
The  theory  rests  on  two  mathematical  considerations.  Tl 
involves  the  necessary  relation  between  the  successive  expa 
or  contractions  of  any  body  whatever  and  the  duration 
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rotation;  by  TV'hich  the  rotation  should  be  quickened  as  the  di-      -    i 
mcnsions  lessen  and  becomes  slower  as  they  increase^  so  that  the 
angular  and  linear  variations  sustained  by  the  sum  of  the  areas 
become  exactly  compensated.    Tbc  other  consideration  relates  | 

to  the  connection  between  the  angular  velocity  of  the  sun's  | 

rotation  and  the  possible  extension  of  its  atmosphere^  the  ma-  I 

thematical  limit  of  which  is  at  the  distance  at  which  the  cen- 
trifugal force,  due  to  this  rotation,  becomes  equal  to  the  cor-  I 
responding  gravity :  so  that  if  any  portion  of  the  atmosphere 
should  be  outside  of  this  limit,  it  woidd  cease  to  belong  to  the 
sun,  though  it  must  continue  to  revolve  with  the  velocity  it 
had  at  the  moment  of  separation.  From  that  moment,  it 
ceases  to  be  involved  in  any  further  consequences  from  the 
cooling  of  the  solar  atmosphere.  It  is  evident,  from  this,  how 
the  solar  atmosphere  must  have  diminished,  as  to  its  mathe- 
matical limit,  without  intermission,  in  regard  to  the  parts 
situated  at  the  solar  equator,  as  the  cooling  was  for  ever  ac- 
celerating the  rotation.  Portions  of  the  atmosphere,  thus 
parted  with,  must  form  gaseous  zones,  situated  just  beyond 
the  respective  limits;  and  this  constituted  the  first  condition 
of  our  planets.  By  the  same  process  the  satellites  were 
formed  out  of  the  atmospheres  of  their  respective  planets. 
Once  detached  from  the  sun,  our  planets  must  become  first 
liquid  and  then  solid,  in  the  course  of  their  own  cooling,  with- 
out being  further  aflTcctcd  by  solar  changes :  but  the  irregu- 
larity of  the  cooling,  and  the  unequal  density  of  parts  of  the 
same  body  must  change,  in  almost  CN'ciy  case,  the  primitive 
annular  form,  which  remains  in  the  rings  of  Saturn  alone. 
In  most  cases,  the  whole  gaseous  zone  has  gathered,  in  the 
way  of  absorption,  round  the  preponderating  portion  of  the 
zone  as  a  nucleus :  -thence  the  body  assumed  its  spheroidal 
form,  with  a  revohing  motion  in  the  same  direction  as  its 
movement  of  translation,  on  account  of  the  excess  of  the  ve- 
locity of  the  upper  molecules  in  comparison  with  that  of  the 
lower. 

Tliis  theory  answers  to  all  the  appearances  of  our  system, 
and  explains  the  difficulty  of  the  primitive  impulsion  of  the 
planets.  It  shows,  also,  that  the  formation  of  the  system  has 
been  successive,  the  remotest  planets  being  the  most  ancient, 
and  the  satellites  the  most  modem*. 

*  The  ftuthor  stibjoint  a  propo«od  niatlioinatical  Tcrifioation  of  Laplace'a 
ootmogony,  which  i«  not  given  m  the  text,  as  it  does  not  teem  to  reat  on  ade- 
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CONCLUSION. 


If  from  points  of  view  like  these  the  stability  of  oiir  sj 
can  scarcely  be  regarded  as  absolute^  what  it  may  lead 
suspect  is  that,  by  the  continuous  resistance  of  the  gc 
medium,  our  svstcm  must  at  length  be  rc-miitcd  to  the 
mass  from  which  it  came  forth,  till  a  new  dilatation  oi 
mass  shall  occur  in  the  immensity  of  a  future  time,  and 
nise  in  the  same  way  a  new  system,  to  follow  an  anal< 
career.  All  these  prodigious  sJtemations  of  dcstructioi 
renewal  must  take  place  without  affecting  the  most  gc 
l)henomcna,  occasioned  by  the  mutual  action  of  the  sun 
tliat  these  revolutions  of  our  system,  too  vast  to  be  more 
Imrely  conceived  of  by  our  minds,  can  be  only  secondary^ 
local  events,  in  relation  to  really  universal  transforma 
It  is  not  less  remarkable  that  the  natural  histoiy  of  our  s^ 
should  be,  in  its  turn,  as  certainly  independent  of  the 
prodigious  changes  that  the  rest  of  the  universe  can  und 
so  that  whole  systems  are,  perhaps  frequently,  develop 
condensed  in  otiier  regions  of  space,  innthout  our  atte 
being  in  any  way  drawn  towards  these  immense  events. 

The  end  I  had  in  view  in  this  exposition  of  «^ 
astronomical  pliilosophy  will  be  attained  if  I  have  ^'  ^ 
clearly  exhibited,  in  regard  both  to  method  and  to  doc 
the  true  general  character  of  this  admirable  science,  M'h 
the  immediate  foundation  of  the  whole  of  Natural  Philos 
We  have  seen  the  human  mind,  by  means  of  geometries 
mechanical-  rcscarohes,  and  with  the  help  of  constantly 
proring  mathematical  aids,  attaining  to  a  precision  of  i 
excellence  superior  to  any  that  other  branches  of  knoTi 
admit  of.  We  see  the  various  phenomena  of  our  systei 
merically  estimated,  as  the  different  aspects  of  the  san 
neral  fact,  rigorously  defined,  and  continually  reproduce 
fore  our  eyes  in  the  commonest  terrestrial  phenomena;  » 
the  great  end  of  all  our  positive  studies,  the  exact  previsi 
events,  has  been  attained  as  completely  as  could  be  desir 
regard  alike  to  the  certainty  and  extent  of  the  prevision, 
have  seen  how  this  science  must  oixsratc  in  liberatinj 
human  inteUect  for  ever  from  all  theological  and  metaph 
thraldom  by  showing  that  the  most  general  phenomen 

quate  foundations.  If  an  arithmetical  rerification  bo  erer  obtained, 
probably  be  in  connection  with  the  ^ieriods  of  the  rotaiiont  of  tlio  d 
pUnetfl ;— periods  abvady  in  so  far  connected  with  the  nebular  hypotibesii 
mvestigations  of  an  American  inquirer — 31r.  Kirkwood.— J.  P.  A. 
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subjected  to  invariable  relations,  and  that  the  order  of  tbe 
heavens  is  necessary  and  spontaneous.  This  last  consideration 
belongs  more  particularly. to  a  subsequent  part  of  this  work; 
but  it  has  been  our  business  to  point  out  as  we  went  along 
how  the  development  of  astronomical  science  has  shown  us 
that  tlie  universe  is  not  destined  for  the  passive  satisfaction  of 
^fan;  but  that  Man,  superior  in  intelligence  to  whatever  else 
he  sees,  can  modify  for  his  good,  within  certain  determinate 
limits,  the  system  of  phenomena  of  wliich  he  forms  a  part, — 
being  enabled  to  do  this  by  a  wise  exercise  of  his  activity, 
discj^gagcd  from  aU  oppressive  terror,  and  directed  by  an  ac- 
curate knowledge  of  natural  laws.  Lastly,  we  have  seen  that 
the  field  of  positive  philosophy  lies  wholly  within  the  limits  of 
our  solar  ^stem,  the  study  of  the  universe  being  inaccessible 
in  any  positive  sense''^. 

*  Ai  before  remarked,  M.  Comto  speaks  much  too  absolutely  bere,  in  orer- 
sight  of  wbat  modem  astronomical  researehes  bare  really  aecomplisbed.-~J.  P.  N. 
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CHAPTER  L 

GENERAL  VIEW. 

Astronomy  was  a  positive  science,  in  its  geome-  jmjiedeet 
trical  aspect,  from  the  earliest  days  of  the  School  condition  of 
of  Alexandria;  but  Physics,  vrhieh  we  are  now  tlwidence. 
to  consider,  had  no  positive  character  at  all  till  Galileo  mai 
his  gi*eat  discoveries  on  the  fall  of  heavy  bodies.  AVe  shall  fit 
the  state  of  Physics  far  less  satisfactory  tlian  tliat  of  Astr 
nomy,  not  only  on  account  of  the  greater  complexity  of  i 

Ehenomena,  but  under  its  speculative  aspect,  from  its  theori 
eing  less  pure  and  systematized,  and,  under  its  practical  a 
pcct,  from  its  previsions  being  less  extended  and  exact.  TI 
precepts  of  Bacon  and  the  conceptions  of  Descartes  have  a 
vanccd  it  considerably  in  the  last  two  centuries,  iu  its  ch 
ractcr  of  a  positive  science;  but  the  empire  of  the  primiti 
metaphysical  habits  is  not  to  1x$  at  once  overthrown;  ai 
Physics  could  not  be  immediately  imbued  with  the  positi^ 
spirit,  which  Astronomy  itself,  our  only  completely  positi^ 
science,  did  not  assume  m  its  mechanical  aspect  till  the  midd 
of  that  period.  The  further  we  go  among  the  sciences,  tl 
more  we  shall  find  of  the  old  unscientific  spirit,  and  not  on 
in  their  details,  but  impairing  their  fundamcntil  conception 
If  we  now  compare  tlie  philosophy  of  Physics  with  the  perfe 
model  oficrcd  to  us  by  astronomical  philosophy,  I  hope  i 
shall  perceive  the  possibility  of  giring  to  it,  and  afterwards 
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the  other  scienceB  in  their  turn,  the  same  positivity  as  the 
first,  though  their  phenomena  are  far  from  admitting  of  an 
equal  perfection  of  simplicity  and  generality. 

First,  we  must  see  what  is  the  domain  of  Physics,  properly 
so  called. 

ludomMin.  Taken  tc^cther  with  Chemistry  (for  the  pre- 

sent) ,  the  object  of  the  two  is  the  knowledge  of  the 
general  laws  of  the  Inorganic  world.    This  study  has  marked  ^ 

characters,  to  be  analysed  hereafter,  distinguishing  it  from  the 
science  of  Life,  which  follows  it  in  our  encyclopedic  scale, 
as  well  as  from  that  of  astronomy  which  precedes  it.  The 
.  distinction  between  Physics  and  Chemistry  is 
SwmiSTT**^  much  less  easy  to  establish;  and  it  is  one  more 
difficult  to  pronounce  upon  from  day  to  day,  as 
new  discoveries  bring  to  light  closer  relations  between  them. 
Though  the  division  between  these  sciences  is  less  ob>*ious 
than  between  any  other  two  in  the  scale,  it  is  not  the  less  real 
and  indispensable,  as  we  shall  see  by  tluree  considerations 
which,  perhaps,  might  be  insufficient  apart,  but  whidi,  when 
united,  leave  no  uncertainty. 

It  ffmmiitr  First,  thc  generality  which  characterises  phy- 
•  seneniitj.  ^.^  researches  contrasts  with  the  speciality  in- 
herent in  the  chemical.  Every  physical  consideration  is  ap- 
plicable to  all  bodies  whatever,  while  chemistry  studies  the 
action  appropriate  to  a  particular  substance.  If  we  look  at 
their  classes  of  phenomena,  we  find  that  gravity  manifests 
itself  in  the  same  way  in  all  bodies ;  and  the  same  with  phe- 
nomena of  heat,  of  sound,  of  light,  and  even  electrical  effects. 
Tlie  difference  is  only  in  degree.  But,  in  the  compositions  and 
decompositions  of  Chemistry,  we  have  to  deal  -with  specific 
properties,  M'hich  vary  not  onlv  in  elementary  substances,  but 
in  their  most  analc^us  combinations.  The  only  exception 
which  can  be  all<^ed,  in  the  whole  domain  of  Physics,  is  that 
of  magnetic  phenomena ;  but  modem  researches  tend  to  prove 
that  they  arc  a  mere  modification  of  electrical  phenomena, 
which  are  unquestionably  general.  The  general  properties  of 
Physics  were,  in  the  metaphysical  days  of  the  science,  regarded 
as  consisting  of  two  classes;  those  which  were  necessarily, 
and  those  which  were  contingently  universal.  But  the  false 
distinction  arose  fix>m  the  notion  of  that  age,  that  the  business 
of  science  utis  to  inquire  into  the  nature  cf  bodies, — ^the  study 
of  their  properties  being  a  mere  secondary  affair.     Now  that 
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we  know  our  business  to  be  with  the  properties  alone,  wc 
the  error,  and  need  only  ask  whether  we  can  conceive  of 
body  absolutely  devoid  of  weight,  or  of  temperature. 

In  the  second  place.  Physics  relates  to  masses,  i>caii„g , 
and  Chemistry  to  molecules ;  insomuch  that  che-  masMs  o 
mistry  was  formerly  (»Jled  Alolecular  Physics,  mo^culei 
But,  real  as  this  distinction  is,  we  must  not  carry  it  too 
but  remember  that  purely  physical  action  is  often  as  molcc 
as  chemical  action ;  as  in  the  case  of  granty.  Physical  plv 
mena  obsen'cd  in  masses  arc  usually  only  the  sensible  rci 
of  those  which  are  going  on  among  their  particles:  and 
most,  we  can  except  from  this  only  phenomena  of  sound, 
perhaps  of  electricity.  As  for  the  necessity  of  a  certain  n 
to  manifest  physical  action,  that  is  equally  indispensabl 
chemistr3\"  Tlie  best  way  of  expressing  the  general  fact  w 
lies  at  the  bottom  of  this  distinction  is,  perhaps,  that  in 
mistry,  one  at  least  of  the  bodies  concerned  must  be  in  a  c 
of  extreme  dinsion ;  while  this  is  so  far  from  Ix^ing  a  nc 
sary  condition  of  physical  action  that  it  is  rather  an  imj. 
ment  to  it.  This  is  a  proof  of  a  real  distinction  between 
two  sciences,  though  it  may  not  be  a  very  marked  one. 

In  the  third  place,  the  constitution  of  bodies,  (^„-„  ^ 
— the  arrangement  of  their  molecules, — ^may  be  airangemc 
changed,  in  exhibiting  physical  phenomena;  but  comporitic 
the  eomix)8ition  of  their  molecules  remains  un-  ^  ™<*«*^ 
changeable :  whereas,  in  Chemistry,  not  only  is  there  alwa 
change  of  state  in  one  of  the  bodies  ooncemcd,  but  the  mu 
action  of  the  1x)dics  alters  their  nature;  and  it  is  this  alt 
tion  which  constitutes  the  phenomenon.  Many  physical  ag< 
can,  no  doubt,  work  changes  of  composition  and  decomf 
tion,  if  their  operation  be  very  energetic  and  prolonged ;  ar 
is  this  which  forms  such  connection  as  there  is  between 
two  sciences :  but,  at  that  point  of  acti\ity,  physical  agen 
pass  the  boundary,  and  become  chemical. 

Positive  philosophy  requires  that  we  should  draw  off  a 
gether  from  the  study  of  a^enis,  to  which  it  may  be  imagi 
that  phenomena  are  to  be  referred.  Any  number  of  pen 
may  discover  a  supposed  agent, — as,  for  instance,  the  univc 
ether  of  modem  philosophers,  by  which  a  variety  of  phenom 
may  be  sup]X)sed  to  be  explained;  and  we  may  not  be  abl 
disprove  such  an  agency.  But  we  have  no  more  to  do  i 
modes  of  operation  than  vrith  the  nature  of  the  bodies  ai 
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upon.  We  are  concerned  idth  phenomena  alone ;  and  what 
we  have  to  ascertain  is  their  laws.  In  departing  from  this 
rule,  we  leave  behind  us  all  the  certainty  and  consistency  of 
real  scienoe. 

Keeinng  within  our  true  limits,  then,  we  see  that  if  die- 
mical  phenomena  should  be  reduced  by  analyos  into  the  form 
of  purely  physical  actions, — an  achievement  very  possible  to 
the  present  generation  of  scientific  men, — our  fundamental 
distinction  between  the  two  sciences  will  not  be  shaken.  It 
will  still  be  true  that  in  a  chemical  fact  something  more  is 
involved  than  in  a  simply  physical  one :  namely,  the  charac- 
teristic alteration  undergone  by  the  molecular  composition 
of  the  bodies,  and  therefore  by  the  whole  of  their  properties. 
Such  a  distinction  is  secure  amidst  any  scientific  revolution 
that  can  ever  happen. 

From  these  three  considerations,  taken  to- 
2?j^P^  gether,  we  derive  our  description  of  Physics. 
This  science  consists  in  studying  the  laws  which 
regulate  the  general  properties  of  bodies,  commonly  regarded 
in  the  mass,  and  always  placed  in  circumstances  which  admit 
of  their  molecules  remaining  unaltered,  and  generally  in  their 
state  of  aggregation.  With  a  view  to  the  great  end  of  all 
science,  we  must  add  that  the  aim  of  physic^  theories  is  to 
foresee,  as  exactly  as  possible,  all  the  phenomena  that  will  be 
exhibited  by  a  body  placed  in  any  set  of  given  circumstances, 
cxcludine,  of  course,  such  as  coidd  alter  its  nature.  This  is 
not  the  less  true  because  we  can  rardy  attain  the  prescribed 
aim."  The  imperfection  is  in  our  knowledge  alone.  In  esti- 
mating the  true  character  of  any  science,  the  only  way  is,  first, 
to  suppose  the  science  perfect,  and  then  to  study  the  Amda- 
mental  difficulties  presented  by  this  ideal  perfection. 

Our  description  shows  us  how  much  more  complexity  we 
shall  find  in  physical  than  in  astronomical  inquiries.  In  as- 
I  ttnimnita.  tronomy  we  study  bodies,  known  to  us  only  by 
sight,  under  two  aspects  only,  their  forms  and 
motions.  All  considerations  but  these  are  excluded.  But  in 
Physics,  on  the  contrary,  the  bodies  we  have  to  study  are  re- 
cognized by  all  our  senses,  and  are  regarded  under  an  aggre- 
gate of  general  conditions,  and  therefore  amidst  a  compHca- 
tion  of  relations.  It  is  dear,  not  only  that  this  sdcnce  is  in- 
ferior to  astronomy,  but  that  it  M'ould  be  impracticable  if  the 
group  of  fundamental  obstacles  was  not  compensated  for,  up 
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to  a  certain  point,  bj^  the  extennon  of  our  means  of  explon 
tion.  We  meet  here  the  law,  before  hiid  down,  that  in  pw 
portion  as  phenomena  become  complicate  thq^  thereby  Ik 
come  explorable  under  a  proportionate  variety  of  relations. 

Of  the  three  procedures  which  constitute  our  ^^^^  . 
artofobscning,  the  last,  Comparison,  is  scarcely  ^^^ 
more  applicable  here  than  with  n^ard  to  astro- 
nomical phenomena.  Its  Proper  application  is,  in  fact,  to  tl 
phenomena  of  organized  Dodies,  as  we  shall  see  hereafte 
But  the  other  two  methods  are  entirely  suitable  to  Physic 
Obsen'ation  was,  in  astronomy,  restricted  to  the  ^^^^^^^^^^ 
use  of  a  single  sense;  but  in  Physics,  all  our 
senses  find  occupation.  Yet  would  Observation  effect  littl 
without  the  aid  of  Experiment,  the  regulated  use  of  which 
the  great  resource  of  physicists  in  all  questions  that  invob 
any  complexity.  This  procedure  consists  in  ob-  B^-,^-2«,^rf 
serving  Ix^ond  the  range  of  natural  circum-  P*"™*™- 
stances; — in  placing  bodies  in  artificial  conditions,  express! 
instituted  to  enable  us  to  examine  the  action  of  the  phen< 
mcna  we  wish  to  study  under  a  particular  point  of  vie^ 
We  can  see  at  once  how  eminently  this  art  is  adapted  to  ph; 
sical  researches;  and  how  it  must  there  find  its  triumphi 
since  there  are  hardly  any  bounds  to  our  power  of  modifyii 
bodies,  for  the  purpose  of  studying  their  phenomena.  In  ch 
mistry,  experiment  is  commonly  supposed  to  be  more  comple 
than  in  any  other  department :  but  I  think  it  is  of  a  high 
order  in  physics,  for  the  reason  that  in  chemistry  the  circui 
stances  are  always  artificially  arranged,  while  in  physics  i 
have  the  choice  of  natural  or  artificial  circumstances;  and  tl 
philosophical  character  of  experimentation  consists  in  choosii 
the  freest  possible  case  that  will  show  us  what  we  want.  We  ha 
a  wider  range,  and  a  choice  of  simpler  cases,  in  physics  than 
chemistry ;  and  in  physics,  therefore,  is  experiment  supreme 

Tlie  next  great  vuiaie  of  physics  is  its  allowing  Appliation 
the  application  of  mathematical  analysis,  whi<£  mftthenuitic 
enters  into  this  science,  and  at  present  goes  no  •n^J"*- 
further; — ^not  yet,  with  real  efficacy,  into  chemistry.  It 
less  perfect  in  physics  than  in  astronomy;  but  there  is  si 
enough  of  simplicity  and  fixedness  in  physical  phenomena 
allow  of  its  extended  use.  Its  employment  may  be  direct 
indirect  -.—direct  when  we  can  seize  the  iimdamental  nume 

l2 


^ ' 


:r 


220  POSITIVE   FHILOSOFHT. 


cal  law  of  phenomena^  so  as  to  make  it  the  basis  of  a  series  of 
analytical  deductions;  as  when  Fourier  founded  his  theory  of 
the  distribution  of  heat  on  the  principle  of  thermolc^cal  ac- 
tion between  two  bodies  being  proportionate  to  the  diflference 
of  their  temperatures :  and  indirect,  when  the  phenomena 
have  been  referred  to  some  gcometriod  or  mechanical  laws ; 
when,  however,  it  is  not  properly  to  physics  that  the  analysis 
is  applied,  but  to  geometry  or  mechanics.    Such  are  the  cases  ^ 

of  reflection  or  refraction  in  the  geometrical  relation;  and  in  \ 

the  mechanical,  the  investigation  of  weight,  or  of  a  part  of 
acoustics.  In  either  case  extreme  care  is  requisite  in  the  first 
application,  and  the  further  development  should  be  vigilantly 
regulated  by  the  spirit  of  physical  research.  The  domain  of 
physics  is  no  proper  field  for  mathematical  pastimes.  The 
heat  security  would  be  in  giving  a  geometrical  training  to  ; 

physicists,  who  need  not  then  have  recourse  to  mathema- 
ticians, whose  tendency  it  is  to  despise  experimental  science.  | 
By  this  method  will  that  union  between  the  abstract  and  the 
concrete  be  efiectcd  which  will  perfect  the  uses  of  mathema*                 ! 
tical,  while  extending  the  positive  value  of  physical  science.            ,    I 
Meantime,  the  uses  of  analysis  in  physics  are  clear  enough.                • 
AVithout  it  we  should  have  no  precision,  and  no  co-ordina- 
tion ;  and  what  acooimt  could  we  give  of  our  study  of  heat,                 , 
weight,  light,  etc.?     We  should  have  merely  series  of  un- 
connected facts,  in  which  vrc  could  foresee  nothing  but  by                 j 
constant  recourse  to  ex^K^riment;  whereas,  they  now  have  a 
character  of  rationality  which  fits  them  for  purposes  of  pre-                 | 
vision.     From  the  complexity  of  physical  phenomena,  how-                 [ 
ever,  the  difficulty  of  the  mathematical  application  is  great. 
In  some,  a  part  of  the  essential  conditions  of  the  problem                 ( 
must  be  thrown  out,  to  admit  of  its  transformation  into  a                 [ 
mathematical  question ;  and  hence  the  necessity  for  reaene            ^   \ 
in  the  employment  of  analysis.     The  art  of  combming  ana- 
lysis and  experiment,  without  subordinating  the  one  to  the 
other,  is  still  almost  unknown.    It  constitutes  the  last  ad- 
vance of  the  true  method  of  phj^ical  study ;  and  it  will  be                 \ 
developed  when  physicists,  and  not  geometers,  conduct  the 
analytical  process,  and  not  till  then. 

EiM^doncdi-  Having  seen  what  is  the  object  of  Physics,  and 
cal  Bjink  of  what  thc  mcaiis  of  investigation,  we  have  next  to 
Phyiict.  jix  its  position  in  the  scientific  hierarchy. 

Thc  phenomena  of  Physics  are  more  complicated  than  those 
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of  Astronomy;  and  Astronomy  is  the  scientific  basis  anc 
of  Physics,  which  cannot  be  effectually  studied  othcnBri: 
through  the  study  of  the  more  simple  and  general  f 
In  this,  we  indindually  follow  the  course  of  our  race, 
by  Astronomy  that  the  positive  spirit  was  intro-    ^^ 
duccd  into  natural  philosophy,  after  it  had  been   j^^ 
sufficiently  developed  by  purely  matheinatical 
investigations.     Our  indinaual  education  is  in  analog 
this :  for  we  have  learned  from  astronomy  what  is  tl 
meaning  of  the  explanation  of  a  phenomenon,  witho 
impracticable  inquiry  about  its  cause,  first  or  final,  or  it 
of  production.     Physics  should,  more  than  the  other  i 
sciences,  follow  closely  upon  astronomy,  because,  after 
nomy,  its  phenomena  are  less  complex  than  any. 

Besides  these  reasons  belonging  to  Method,  there 
grand  consideration  that  the  theories  of  astronomy  aff< 
only  data  for  the  study  of  terrestrial  physics.  Our  posi 
the'  solar  system,  and  the  motions,  form,  size,  and  equil 
of  the  mass  of  our  world  among  the  other  planets,  n 
known  before  we  can  understand  the  phenomena  goinj 
its  sm*facc.  AVhat  could  we  make  of  weight,  for  insta 
of  the  tides,  >vithout  the  data  afforded  by  astronomical  m 
These  phenomena  indeed  make  the  transition  from  astr 
to  physics  almost  insensible.  In  this  way  Physics 
is  indirectly  eomiected  with  ^f  athematies.  There  J^ 
is  also  a  direct  connection,  as  some  physical  phe- 
nomena have  a  geometrical  and  mechanical  characti 
much  as  those  of  astronomy,  though  under  a  great 
plication  of  the  circumstances.  Tlie  abstract  laws  ol 
and  motion  must  prevail  as  much  in  the  one  science 
the  other.  If  the  relation  is  thus  unquestionable  in  tl 
trine,  it  is  not  less  so  in  the  spirit  and  method  which  w 
bring  to  the  study  of  physics.  It  must  be  o^er  remci 
that  the  true  positive  spirit  first  came  forth  firom  tli 
sources  of  mathematical  science ;  and  it  is  only  the  mil 
has  imbibed  it  there,  and  which  has  been  face  to  face  w 
lucid  truths  of  geometry  and  mechanics,  that  can  briii 
full  action  its  natural  positivity,  and  apply  it  in  bringi 
mo»t  complex  studies  into  the  reality  of  demonstratioi 
DtluT  tlisci])linc  can  fitly  prepare  tlic  intellectual  organ 
mi^Mit  flirt hur  say  tliat,  as  gcoinctricfj  ulcnjA  ar€  mon 
iiud  iiiudunicntal  tbaii  rocc-haiiical  ideas,  the  former  an 
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necessary,  in  an  educational  sense,  to  physicists  than  the  latter, 
though  the  use  of  mechanical  ideas  is  the  more  immediate  and 
extended  in  physical  science.  Thus  we  see  how  we  must  con- 
dude  that  the  education  of  physicists  must  he  more  compli* 
cated  than  that  of  astronomers.  ''Both  have  need  of  the  same 
mathematical  basis,  and  physicists  must  also  have  studied 
astronomy,  at  least  in  a  general  way.  And  this,  again,  assigns 
the  position  of  their  science. 

Its  rank  is  equaUy  dear,  if  we  look  in  the  opposite  direc- 
tion,— ^at  the  sciences  which  come  after  it. 

It  can  hardlv  be  by  accident  that,  in  all  lan- 
2^^^  *^  guagcs  of  thinking  peoples,  the  word  which  ori- 
giniJIy  indicated  the  study  of  the  whole  of  nature 
should  have  become  the  name  of  the  particular  sdence  we  are 
now  considering.  Astronomy  is,  in  fact,  an  emanation  fix>m 
mathematics.  Every  other  natmral  science  was  once  compre- 
hended under  the  term  Physics ;  and  that  to  which  it  is  now 
restricted  must  be  supreme  over  the  rest.  Its  relation  to  the 
rest  is  just  this:  that  it  investigates  the  general  properties 
common  to  all  bodies ;  that  is,  the  fundamental  constitution 
of  matter;  while  the  other  sdences  exhibit  the  modifications 
of  those  propertios  peculiar  to  each :  and  the  study  of  those 
properties  in  the  general  must,  of  course,  precede  that  of  their 
particular  cases.  In  regard  to  Physiology,  for  instance,  it  is 
clear  that  organized  bodies  are  subject  to  the  general  laws  of 
matter,  those  laws  being  modified  in  their  manifestations  by 
the  characteristic  circumstances  of  the  state  of  Life.  The  same 
is  the  case  with  Chemistir.  Without  admitting  the  question- 
able hvpothesis  under  which  some  eminent  men  of  our  time 
refer  all  chemical  phenomena  to  purely  physical  action,  it  is 
yet  oidcnt  that  the  concurrence  of  physical  influences  is  in- 
dispensable to  every  chemical  act.  What  could  we  make  of 
any  phenomenon  of  composition  or  decomposition,  if  we  left 
out  all  data  of  weight,  heat,  dectricity,  etc.  ?  And  how  could 
we  estimate  the  chemical  power  of  these  various  agents  with- 
out first  kuo^ring  the  laws  of  the  general  influence  proper  to 
cadi?  Gicmistry  is  dosely  dependent  on  Physics;  while 
Physics  is  wholly  independent  of  Chemistry. 
Bdation  to  As  for  thc  direct  operation  of  this  sdence  on 

human  pro-  the  human  intellect,  it  is  less  marked  than  that 
«'•"•  '  of  the  two  natural  sdences  which  occupy  the  ex- 
tremities of  the  scale, — astronomy  aud.physiology, — which  im- 
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mediately  contemplate  the  two  great  objects  of  human  inti 

the  Universe  and  Man :  but  one  striking  fact  with  n 

to  Physics  is  that  it  has  been  the  great  battle-ground  bet 
the  old  thcolc^cal  and  metaphysical  spirit  and  the  positive 
losophy.  In  Astronomy  the  positive  philosophy  took  pc 
sion,  and  triumphed  almost  mthout  opposition^  except  i 
the  earth's  motion ;  while  in  the  domain  of  Physics  the 
flict  has  gone  on  for  centuries;  a  circumstance  attributal 
the  imperfection  of  physical^  in  comparison  with  astronoi 
science. 

With  this  science  begins  the  exhibition  of  hu-  Human 
man  power  in  modifying  phenomena.  In  Astro-  of  modii 
noray,  human  inten-eution  was  out  of  the  ques-  P^«»«» 
tion:  in  Physics  it  begins ;  and  we  shall  see  how  it  becomes 
powerful  as  we  descend  the  scale.  This  jx>wer  oounterbali 
that  of  exact  prcrision  which  we  have  in  astronomy,  thi 
its  extreme  simplicity.  The  one  power  or  the  o^her,- 
power  of  foreseeing  or  of  modifying^-^is  necessary  to  oui 
growth  of  theological  philosophy.  Our  prcrision  disp 
the  notion  that  phenomena  proc^d  from  a  supernatural 
which  is  the  same  thing  as  calling  them  variable :  anc 
abiUty  to  modify  them  shows  that  the  powers  under  \ 
they  proceed  are  subordinated  to  our  own.  The  first  i 
higher  order  of  proof;  but  both  are  complete  in  their 
and  certain  to  command,  sooner  or  later,  universal  at 
Tlie  proof  which  Franklin  afforded  of  human  control  ovc 
lightning  destroyed  the  religious  terror  of  thunder  as  efl 
ally  as  the  superstition  about  comets  was  destroyed  b 
prcrision  of  their  return;  though  the  experiments  by  i 
Franklin  established  the  identity  of  the  lightning  wit] 
common  electric  discharge  could  be  decisive  only  with  j 
cists,  while  the  generality  of  men  covld  understand  ho 
return  of  comets  was  foreseen.  As  the  opposition  be< 
the  theological  and  the  positive  philosophies  becomcc 
simply  erident,  our  power  of  intervention  becomes 
varied  and  extended ;  the  amount  of  proof  yielded  in  th 
cases  being  ccjual  in  the  eyes  of  men  in  general,  thoug 
strictly  equivalent. 

In  regard  to  the  speculative  rank  of  Physics, 
it  is  dear  that  it  does  not  admit  of  prcrision  to   ^!^!^ 
any  extent  at  all  comparable  to  that  of  astro-   ^^^^^ 
nomy,  because  it  consists  of  numerous  branches,  scarce 
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all  connected  ivith  each  other,  and  concurring  only  in  a  feehle 
and  doubtful  iray  in  its  chief  phenomena.  We  can  therefore 
see  only  a  little  way  forward ;  often  scarcely  beyond  the  ex- 
periment in  hand :  but  we  shall  see  its  speculative  superiority 
to  the  sciences  which  come  after  it,  when,  in  studying  che- 
mistry and  physiology,  we  find  another  kind  of  incoherence 
existing  among  their  phenomena,  making  prcrision  more  im- 
.perfcct  still.  The  great  distinction  of  Physics  is  that  which 
has  been  referred  to  before, — that  it  instructs  \is  in  the  art  of 
Experiment.  Philosophers  must  ascend'  to  this  source  of  ex- 
perimentation, whatever  their  special  objects  may  be,  to  learn 
what  arc  the  spirit  and  conditions  of  true  experimentation,  and 
what  the  necessary  precautions. — ^Each  of  the  sciences  in  the 
scale  presents,  besides  the  characters  of  the  positive  method 
which  are  common  to  them  all,  some  indication  appropriate 
Cfaaracterii-  ^  itself,  which  ought  to  be  studied  at  its  source, 
tictofeftch  to  be  duly  appreciated.  Mathematical  science 
■*^*'™**  exhibits  the  elementary  conditions  of  positivitv : 

astronomy  determines  the  true  study  of  Nature:  physics 
teaches  us  the  theory  of  experimentation :  chemistry  offers  us 
the  art  of  nomenclature :  and  physiology  discloses  the  true 
theory  of  dassilication. 

I  have  deferred  till  now  what  I  have  to  offer  on  the  impor- 
tant subject  of  the  rational  construction  and  scientific  use  of 
hypotheses f  regarded  as  a  powerful  and  indispensable  auxiliary 
to  our  study  of  nature.  It  is  in  the  region  of 
JJp^5J^  astronomy  that  I  must  take  my  stand  in  discuss- 
ing this  subject,  though  it  was  not  necessary  to 
advert  to  it  while  we  were  8ur\'eying  that  region.  Hypothe- 
sis is  abundantly  employed  in  astronomy ;  but  there  it  may 
be  said  to  prescribe  the  conditions  of  its  own  use, — so  simple 
are  the  phenomena  in  question  there.  From  thence  do  I 
think  it  necessary  to  derive,  therefore,  oxir  conceptions  of  tlie 
character  and  rules  of  this  valuable  resource,  in  order  to  its 
employment  in  the  other  departments  of  natural  philosophy. 

There  are  only  two  general  methods  by  which  we  can  get  at 
the  law  of  any  phenomenon, — the  immediate  analysis  of  the 
course  of  the  phenomenon,  or  its  relation  to  some  more  extended 
law  already  established ;  in  other  words,  by  induction  or  deduc- 
tion. Neither  of  these  methods  would  help  us,  even  in  n^rd  to 
'the  siin])lcst  phenomena,  if  we  did  not  bc^tn  by  antici|iating  the 
i*c8idt8,  by  making  a  provisional  supposition,  altogetlier  ooiyec- 
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I        to  csci\ci*b  tbe  rnjrrr  rf  fsiA  aa  n=«:t  at  aiiy  pi 
rrcr:    tiicse  air  li*  rwc^tai  yrxcrriw  of  the  c 
et'Cxc  c^  tilt  cf^trr  erf"  g;A*-:i,  jcii  li*  ii*^:ariribli  'i 
Ririo^iL^arr-afw — orcL  n:'<ir;r  rdS^n  rncat  law  of :  i  • 
rY  aco'jQ  azai  rttaco^a  la  w^LiA  al;  c^ar.rcs  mii>t 
FroG  lij>«  C2«c  iTKiIl  rro  ra:}K«ta2a  equations  \> 
E^ssc*.  Vjc  iv:i;cr:k^  az«i  ilie  piiq:::^:!:^  oif  the  t^vo 
t}je  two  frtraci-i*  dL  lie  «aj5DC  ^:»jt,  ccc^Jcrctl  1 
aft 3-  tLc  rr«T^     Xd  hivirmjK  as  ptrsenx  Ica.i-^  u>  t 
tLiS  the  casnc  rf  criLiiare  La»  rtrr  otrLJTt?d  in  o'.i 
aijd  it  »  rr^irei  v-jg  f^c^  ar  escocrrrr.  though  ij  * 

1^  ihtjff  ti-tr*?»  dae:^YT^  bervrsa   Mars  a^  '• 
Lire  cicaa  CLi«cxii«s  azii  jtrrrific  ibaes  so  nearl}' 
\  trai  Mr-  Ofjcr*   fea?   c:c.xYrrrt>J  ii;tf  thcv  once  : 

I  k::ur^  jiazKt,  irliiri  Lad  cituitM  ira*  ^iipDcnt<.      \ 

a.tijcd  a  «=Tp:»«rri:c^  fraa  ii«e  irrPsiJarhT  of  tbiir  f. 
1^  e'^TLT  =.:jss  LiTi?  Li-Trv^ioi  afier  ri*e  con<«'litlatl 
prLtLnf^e  jiizirt-     WLc&  i>jst  isasKS  b«oajc  know: 
tli  ccuSairrre  a^ir  be  fwV^frtad  to  icaiiicniatical  i  . 
:i-»  wTj.      Bj  cajrr.\;r-x  ii»f  w<rbnw  aiid  suco  -- 
crtaa  of  tie  cyr.Trr  df  rn^trj  of  li*  sj-<icm  of  t' 
fiiz*?:^  'wr  tiiTtii.  if  tiify  kki  sk-i  aa  origin,  n  ♦ 
jrruntal  s:ci:iL  cf  tie  pn-sftrrT  ptaziK.     If  wo  ^l. 
i^-  t^it  CKTire  of  ^Txrrrr  ii^scn'micr  ax  ellipse  ror.; 
a»  a  5jr».  azil  n*  Ten-rr  ni*:"»  irfcnzar  arr^LS  pn^T-'»r' 
tie  r-ane^  ti_2*  rrcis  wnz^ii  br  as  c:cr.-vctcly  otvi 
az.T  iiir:  ti^  w^  iht^  i»:x  ^rnzessfi     We  Lave  n<  • 
aiai.!!raj$  i.r  sd:^  a irsc :  bi2  a  »  irtc?T5Cir4:  to  s.v  \ 
tia*  ii»:r/tii.ia3  xuii  c«CL:ci*i.  ir  a  >>irrrrc  manner,  t-. 
tij??ie  xuii  ttrfSLT  ic-  lAT-c  i^n  iir*<n:iik-!x-r  Klunil  :'• 
»  ti'-.'^:«  tiii::  tLr  tr-SirtaziKriis  riiij:arUT  of  smli  :i 

▼tnji  -^  trt-ss^-rr  tie  5a:=K.  ^ iirc^jfr  tiie  cvrlcv^ion  >\  ^ : 
•tr  >.r^  tr:^     \i  »  cciirrfTw  wrti  rrr^rd  to  i^rt  .. 

^  Li^iriiur'-  >^;-T-r  tit:  tlii:^  crTri>ia.T»  V^d  Ixxi.  • 

21  'tir  ¥j  *c*jn^  iLni  tJLoi  ti:*  v».  tiif  rmc  rx-  'iiiativn  » »! 
;*:i'lxii:r  fnni  tie  jrtarzi.-^  .t"  ta*.-^  «rcL.rr>o::v  a^  \ 
t^iji.  aiut  tie  finii_i»2»  of  tJjrsr  ssa«!<esw  \Ve'La\e 
euu!xi:*  tiac  a  tiu-ni^  axu-j  lair  \iir^  rr:o  two  \erv 
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tiiral  in  the  first  instance,  with  regard  to  some  of  the  verj 
tions  which  are*  the  object  of  the  inquiry.  Hence  the  noccs 
introduction  of  hypotheses  into  natural  philosophy.  The 
thod  of  approximation  employed  by  geometers  first  suggc 
the  idea ;  and  without  it  dl  discovery  of  natural  laws  W( 
be  impossible  in  cases  of  any  degree  of  complexity;  an 
all,  very  slow.  But  the  employment  of  this  instrument  i 
always  be  subjected  to  one  condition,  the  neglect  of  w 
would  impede  the  development  of  real  knowledge.  This  < 
dition  is  to  imagine  such  hypotheses  only  as  ad- 
mit,  by  their  nature,  of  a  positive  and  ine\itable  J^^*"^ 
verification  at  some  future  time, — ^the  precision 
of  this  verification  being  proportioned  to  what  we  can  leai 
the  corresix>nding  phenomena.  In  other  woi'ds,  philosopl 
hypotheses  must  always  have  the  character  of  simple  anti< 
tions  of  what  we  might  know  at  once,  by  experiment  and 
soning,  if  the  circumstances  of  the  problem  had  been  i 
favourable  than  they  are.  Provided  this  rule  be  scrupulc 
obscn'cd,  liypothcscs  may  evidently  be  employed  nithout  < 
gcr,  as  often  as  they  are  needed,  or  rationally  desired.  It  is 
substituting  an  indirect  for  a  direct  investigation,  when 
latter  is  impossible  or  too  difficult.  But  if  the  two  are 
employed  on  the  same  general  subject,  and  if  we  try  to  r 
by  hypothesis  what  is  inaccessible  to  observation  and  rea 
ing,  the  fundamental  condition  is  violated,  and  hypotl 
wandering  out  of  the  field  of  science,  merely  leads  us  asi 
Our  study  of  nature  is  restricted  to  the  analysis  of  ph 
mcna  in  order  to  discover  their  laws ;  tliat  is,  their  constan 
lations  of  succession  or  similitude ;  and  can  have  nothing  t 
with  tlicir  tiature,  or  their  cause,  first  or  final,  or  the  moi 
their  production.  Every  hypothesis  which  strays  beyond 
domain  of  the  positive  can  merely  occasion  interminable 
cussions,  by  pretending  to  pronounce  on  questions  which 
understandings  are  incompetent  to  decide.  —  Every  mai 
science  admits  this  rule,  in  its  simple  statement;  but  it  < 
not  be  practically  midcrstood, — so  often  as  it  is  \iolated, 
to  such  a  degree  as  to  alter  the  whole  character  of  Phy 
Tlie  use  of  conjecture  is  to  fill  up  provisionally  the  intei 
left  here  and  there  by  reality ;  but  practically  we  find  the 
materials  entirely  seiiaratcd*  and  the  real  sutx>rdinated  to 
conjectural.  It  is  necessary,  therefore,  to  ascertain  and  exi 
the  actual  state  of  the  question  with  regard  to  Physics. 
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The  hypotheses  employed  by  physical  inquirers 
br^h^T       ^  ^^^      y  *"^  ^^  *^®  classes :  the  first,  a  very 
^^  small  dassy  relate  simply  to  the  la^s  of  pheno- 

mena: the  other,  and  la^r  dass,  aim  at  determining  the 
general  agents  to  which  different  kinds  of  natural  effects  may 
be  referred.  Now,  according  to  the  rule  just  laid  down,  the 
first  kind  alone  are  admissible:  the  second  have  an  anti* 
sdentific  diaracter,  are  chimerical,  and  can  do  nothing  but 
hinder  tlie  progress  of  sdence. 

In  Astronomy,  the  first  class  onlv  is  in  use, 
^^imowble.  ^^®^^^"^  ^^'^  sdcncc  has  a  wholly  positive  charac- 
"  ter.    A  feet  is  obscure ;  or  a  law  is  unknown : 

we  proceed  to  form  a  hypothesis,  in  agreement,  as  fer  as  pos- 
sible,  with  the  whole  of  the  data  we  are  in  possession  of;  and 
the  sdence,  thus  left  free  to  develope  itsdf,  always  ends  by 
disdosing  new  observable  consequences,  tending  to  confirm  or 
invalidate,  indisputably,  the  primitive  supposition.  We  have 
before  noticed  frequent  and  happy  examples  of  this  method  of 
discovering  the  primary  truths  of  astronomy.  But,  since  the 
establishment  of  the  law  of  gravitation,  geometers  and  astro- 
nomers have  put  away  all  their  fendes  of  chimerical  fluids 
causing  planetary  motions ;  or  have,  at  least,  indulged  in  them 
merely  as  a  matter  of  personal  taste,  and  not  of  sdentific  in- 
vestigation. It  would  be  wdl  if,  in  a  study  so  much  more 
diffi(mlt  as  Physics,  philosophers  would  imitate  the  astrono- 
mers. It  woidd  be  well  if  they  would  coufine 
db^^oil^  their  hypotheses  to  the  yet  unknown  circum- 
stances of  phenomena,  or  their  yet  hidden  lawi^^ 
and  would  entirely  let  alone  their  mode  of  pnroduction,  whieb 
is  altogether  beyond  the  limit  of  our  faculties.  Wliat 
sdentific  use  can  there  be  in  fentastic  notions  about  fluids 
and  imaginary  ethers,  which  are  to  account  for  phenomena 
of  heat,  light,  dectridty  and  magnetism?  Such  a  mix- 
ture of  facts  and  dreams  can  only  ntiate  the  essential  ideas 
of  physics,  cause  endless  controversy,  and  involve  the  sdence 
itself  in  the  disgust  which  the  wise  must  fed  at  such  proceed- 
ings. These  fluids  are  supposed  to  be  iniisible,  intangible, 
even  imponderable,  and  to  be  inseparable  firom  the  substauccs 
which  they  actuate.  Tlieir  very  definition  shows  them  to 
have  no  place  in  real  science ;  for  the  question  of  their  exist- 
ence is  not  a  subject  for  judgment :  it  can  no  more  be  de- 
nied than  afiBrmed :  our  reason  has  no  grasp  of  them  at  all. 
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Those  vho,  in  our  day,  bcHeve  in  caloric,  in  a  luminous  e 
or  electric  fluids,  have  no  right  to  despise  the  dcmen 
spirits  of  Paracelsus^  or  to  refuse  to  admit  angels  and  g 
tv  e  find  tliem  spuming  Lamarck's  notion  of  a  resonant  fl 
but  the  misfortune  of  this  hypothesis  was  that  it  came 
late, — ^long  after  the  establishment  of  acoustics.  K  it 
been  put  forth  as  early  in  the  days  of  science  as  the  h 
theses  about  heat,  light,  and  electricity,  this  resonant 
would  no  doubt  have  prospered  as  well  as  the  rest.  Wit! 
going  into  the  history  of  more  of  these  baseless  inquiries, 
enougli  to  point  out  that  the^  are  irrocondleable  with 
other ;  and  when  superficial  mmds  witness  the  case  with  w 
they  destroy  each  other,  they  naturally  conclude  the  w 
science  to  be  arbitrary,  consisting  more  in  futile  discuf 
than  in  anything  else.  Each  sect  or  philosopher  can  a 
how  untenable  is  the  hypothesis  of  another,  but  cannot  i 
blish  his  own;  and  it  would  generally  be  easy  to  devi 
third  which  might  affroe  ^rith  both.  It  is  true,  physi 
are  now  eager  to  dedare  that  they  do  not  attribute  anj 
trinsic  reality  to  these  hypotheses;  and  that  thqr  cov 
nance  them  merely  as  indispensable  means  for  fiicilits 
the  conception  and  combination  of  phenomena.  But  w€ 
here  the  working  of  an  incomplete  positixity,  which  feeh 
inanity  of  such  systems,  and  yet  dares  not  surrender  t] 
But  besides  that  it  is  scarcely  possible  to  employ  a  fictil 
instrument  as  a  reality  without  at  times  fallmg  into  the 
lusion  of  its  reality,  what  rational  ground  is  there  for  proc 
ing  in  such  a  way,  when  we  have  l^ore  us  the  procedure 
achievements  of  astronomical  science,  for  a  pattern  and  a 
mise?  These  hypotheses  e:r/7/atit  nothing.  For  instance. 
expansion  of  bodies  by  heat  is  not  explaitied^ — that  is,  de 
up, — by  the  notion  of  an  imaginary  fluid  interposed  beti 
the  molecules,  which  tends  constantly  to  enlarge  their  inten 
for  we  still  have  to  learn  how  this  supposed  fluid  came  b 
spontaneous  elasticity,  which  is,  if  anything,  more  unini 
gible  than  the  primitive  fact.  And  so  on,  through  the  ii 
range.  These  hypotheses  clear  away  no  difiiculties,  bA 
make  new  ones,  while  they  divert  our  attention  from  the 
object  of  our  inquiries.  As  for  the  plea  that  habit  ha 
taken  hold  of  the  minds  of  inquirers,  that  they  woul 
adrift  if  deprived  of  all  their  moorings  at  once,  and  that  i 
language  must  be  superseded  by  a  wholly  new  one,  I  i 
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tliis  kind  of  difficultj  is  very  much  exaggerated.  We  have 
seen,  witUn  half  a  century,  how  often  men  have  contrived  to 
pass  firom  some  physical  systems  to  their  oppoeites  urithout 
Deing  much  hindered  by  OMtades  of  language.  There  would 
he  scarcely  more  difiBcultv  in  casting  aside  ftitile  hvpotheses; 
and  we  might,  as  we  see  by  existing  examples^  gradually  sub- 
stitute the  real  and  permanent  meaning  of  scientific  terms  for 
the  fanciful  and  variable  interpretation. 

These  fluids  axe  nothing  more  than  the  old 
^**n?<ill^  entities  materialized.  Wliichever  way  we  look 
at  it,  what  is  heat  apart  from  the  warm  body, 
light  apart  firom  the  luminous  body,—- dectricity  apart  firom 
the  electric  body?  Arc  they  not  pure  entities,  like  thought 
apart  fix>m  the  thinking  body,  and  digestion  apart  firom  the 
digesting  body?  Here  we  have,  inst^id  of  abstract  beings, 
imaginary  fluids  deprived,  by  their  very  definition,  of  all 
material  qualities,  so  that  we  cannot  even  suppose  in  them 
the  limit  of  the  most  rarefied  gas.  If  the  descent  of  these 
firom  the  old  entities  be  not  recognised,  what  filiation  of  ideas 
can  ever  be  admitted  ?  The  essential  character  of  metaphysi- 
cal conceptions  is  to  attribute  to  properties  an  existence 
separate  from  the  substance  which  manifests  them.  What 
does  it  matter  whether  we  call  these  abstractions  souls  or 
fluids?  The  origin  is  always  the  same;  and  it  is  connected 
with  that  inquisition  into  the  essence  of  things  which  always 
characterizes  the  infancy  of  the  human  mind,  occasioning, 
first,  tlie  conception  of  gods,  which  grew  into  that  of  souls, 
which  became  in  time  imaginary  fluids.  In  all  positive  sci- 
ence, our  understandings,  unable  to  pass  abruptly  fix>m  the 
metaphysical  to  the  positive  stage,  have  travelled  through  this 
transition  state  of  development.  Metaphysics  itself  is  the 
transition  stage  firom  theology  to  positive  science;  but  a 
secondary  transition  is  also  necessary,  as  w^e  see  by  the  fact ; 
a  transition  from  metaphysical  to  ]x>sitive  conceptions.  The 
mathematicians  and  astronomers  have  attained  the  positive 
basis.  The  physicists,  the  chemists,  tlie  physiologists,  and 
the  social  philosophers,  arc  now  in  the  last  period  of  tran- 
sition ;  the  physical  inquirers,  ready  to  pass  up  to  the  level 
of  the  astronomers  and  geometers,  and  all  the  others  held 
back  for  a  while  by  the  complexitv  of  tlieir  respective  sub- 
jects ;  as  we  shall  sec;  hereafter.  This  bastard  positivism  was 
the  way  out  of  tlie  old  metaphysical  condition,  in  which  men 
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would,  but  for  it,  have  been  imprisoned  to  this  day.  Nai 
science  first  humoured  the  constitutional  need,  and  thci 
us  on  by  ofifcring  to  our  minds,  in  the  place  of  the  old  i 
lastic  entities,  new  entities,  more  tangible,  which  must  by 
nature  introduce  into  our  studies  the  contemplation  of  pi 
mena  and  their  laws,  restricting  us  to  these  more  and  n 
This  seems  to  have  been  the  important  temporary  use  of 
system  of  hypotheses;  to  enable  us  to  pass  firom  the  n 
physical  to  the  positive  stage. 

Astronomy  has  not  been  exempted  firom  this  ^^  ^^^^^ 
transition  state,  any  more  than  the  other  sci- 
ences ;  but  it  was  over  so  long  ago  that  it  is  forgotten^ 
few  are  those  M'ho  are  interested  in  the  history  of  philoso 
If  we  look  back  to  the  action  of  the  human  mind  in  the  sc 
tccnth  century,  we  shall  see  how  geometers  and  astrono 
were  preoccupied  with  hypotheses  of  the  kind  we  are  cons 
ing.  Tlicre  is  no  better  example  of  them  than  that  fiu 
conception,  the  Vortices  of  Descartes ;  for  it  presents  clear! 
three  stages  of  existence  common  to  them  dl ;  the  crcati< 
the  hypothesis,  its  temporary  use,  and  its  rejection  whe 
pmrpose  is  answered.  These  vortices,  so  ridiculed  by  men 
behcve  in  caloric,  ether,  and  electric  fluids,  helped  us  to  a  a 
philosophy  by  introducing  the  idea  of  mechanism,  where 
Kepler  had  imagined  only  the  incomprehensible  action  of  i 
and  genii.  When  the  discussion  had  attained  the  firm  gr 
of  Celestial  ^lechanics,  founded  upon  the  Newtonian  th 
the  influence  of  the  Cartesian  hypothesis  oeascd  to  be  pro 
sive,  and  became  retrograde.  To  the  last,  the  Cartesian 
losophers  insisted,  in  arguments  as  plausible  as  tiiose  d 
exisiting  physicists,  that  it  was  impossible  to .  philoso] 
without  sucli  a  hypothesis.  They  were  answered  in  the 
eflcctual  way,  by  philosophizing  in  another  mode:  and 
vortices  were  heard  of  no  more  when  geometers  and  a 
nomcrs  apprehended  the  true  object  of  scientific  stt 
The  Cartesian  hypothesis  contributed  to  the  education  o 
human  mind  by  leading  it  to  see  that  we  have  notiiiii 
do  with  the  primitive  agents,  or  mode  of  production  of  pi 
mena,  but  only  with  their  laws.  If,  in  the  other  science 
have,  as  tlicir  professors  assert,  reached  the  stage  of  positi 
hvix)tlieses  like  tiiat  of  the  vortices  may  be  dismissed,  i 
longer  ncetlcd  to  bring  us  out  of  the  metaphysical  state, 
soon  as  they  arc  needless,  they  become  pernicious. 
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The  transition  has  been  obvious  elsewhere  than 
InPhytict.  ^  astronomy.  It  has  taken  place  in  the  most 
advanced  departments  of  Physics;  and  especially  with  regard 
to  Weight.  There  was  scarcely  a  philosopher^  even  long  after 
Gralileo's  time,  who  had  not  some  system  to  offer  about  the 
causes  of  the  fall  of  bodies.  At  that  time^  such  hypotheses 
appeared  the  only  method  of  studying  weight;  but  who  hears 
of  them  now?  Acoustics  was  emancipated  about  the  same 
time.  The  labours  of  Fourier  will  evidently  release  thermo- 
logy ;  and  then  there  will  remain  only  the  study  of  light  and 
of  electricity* ;  and  no  reason  can  be  assigned  for  their  exclu- 
sion from  the  general  rule.  The  question  will  be  regarded  as 
settled  henceforward  by  all  who  bdieve  that  the  historical  de- 
velopment of  the  human  mind  is  subject  to  natural  laws^  de- 
terminate and  uniform;  and  such  will  admit,  as  the  principle 
of  the  true  theory  o!  hypotheses,  that  every  scientific  hypo- 
thesis, to  be  a  matter  of  judgment,  must  relate  exclusively  to 
the  laws  of  phenomena,  and  never  to  their  mode  of  production. 

Here  we  find,  as  in  every  analogous  case  of  difficulty,,  the 
use  of  the  comparative  historical  method  which  I  have  just 
employed.  We  shall  enlarge  on  this  hereafter :  meantime,  I 
must  offer  the  observation  that  the  philosophy  of  the  sciences 
cannot  be  properly  studied  apart  trom  their  history;  and, 
conversely,  that  the  history  apart  from  the  philosophy,  would 
be  idle  and  unintelligible. 

Bole  of  ar-  ^^  rcvic^^ing  the  different  departments  of  Phy- 
ruigement  in  sics,  I  shall  follow  the  rule  which  determines  the 
Phjiict.  order  of  the  sciences  themselves :  that  is,  I  shall      '^        I 

take  them  in  the  order  of  the  generality  of  their  phenomena,  * 

their  simplicitjr,  the  relative  perfection  of  our  knowledge  of  | 

them,  and  their  mutual  dependence.  Under  this  rule,  we 
shall  find  that  the  departments  that  offer  themselves  first 
border  upon  Astronomy,  and  those  that  come  last  upon  Che- 
mistry. 

First  will  come  Weight,  in  solids  and  fluids,  regarded  stati- 
cally and  dynamicaUy.  About  tlus  assignment,  there  are  no 
two  opinions;  weight  being  absolutely  miiversal.  Its  pheno- 
mena are  simple,  indci)cndcnt  of  others,  and  so  exactly  under- 
stood that  scieuoe  is  here  almost  as  positive  as  in  astronomy, 
to  which  it  is  very  nearly  allied.     Electric  phenomena  being 

*  In  EkctricitT,  the  hTpotHcflis  of  fluids  u  rtpidlj  vieldinff  befoi«  the  rt- 
tioiialideaorPokrit7.-^.P.N. 
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the  most  q>ponte  of  all  to  those  of  weight,  in  all  these  purti- 
culars,  will  come  last ;  and  thej  are  closdy  allied  to  chemistry. 
Between  them  will  come  tlicnnologyj  acoustics,  and  optica. 
Fourier  put  away,  in  his  study  of  heat,  all  fantastic  notions 
ahout  imaginary  fluids,  and  brought  his  sulrject  up  to  sudi  a 
point  of  positiWty  as  to  place  it  next  to  the  study  of  gravity. 
Acoustics  might,  perhaps,  contest  its  place  with  thermolo^, 
but  for  the  generality  of  the  phenomena  of  the  latter,  in 
repird  to  positivity,  there  is  little  to  choose  between  them : 
but  there  are  gaps  in  our  knowledge  of  acoustics  which  also 
indicate  the  lower  place  for  it.  Our  order  then  ^ 
is, — Barology,  or  the  science  of  weight :  thermo- 
logy,  or  the  science  of  heat :  acoustics,  optics,  and  electricity. 
But  we  must  beware  of  attaching  too  much  importance  to 
tins  arrangement,  which  is  really  little  better  than  ari>itraiy, 
though  as  good  as  our  present  knowledge  admits.  We  shidl 
now  proceed  to  a  philosophical  review  of  them,  exempt  from 
detaus ;  having,  in  this  chapter,  analysed  the  proper  omect  of 
Physics;  the  modes  of  investigation  appropriate  to  it;  its 
position  in  regard  to  the  other  sciences;  its  influence  upon 
the  education  of  human  reason ;  its  degree  of  scientific  perfec- 
tion :  its  incomplete  positi\ity  at  present ;  the  means  of  reihe- 
d}dng  this  bv  a  sound  institution  of  hypotheses ;  and  finally 
the  rational  distribution  of  its  difierent  departments. 


iL 


282 


CHAPTER  IL 

BABOLOGY. 

Notwithstanding  the  advanced  state  of  our  means  for  the 
study  of  Barologjr,  we  have  no  complete  theory  of  weight,  but 
ouly  fragmentary  portions  of  a  theory,  dispersed  through  trea- 
tises on  rational  mechanics  or  physics.  It  will  be  of  great 
advantage  to  bring  them  together. 

. .  The  division  of  the  subject  is  into  two  principal 

DiTisumi.      sections,  subdi\dded  into  three;  the  Statical  and 

Dynamical  consideration  of  weight,  in  its  application  to  solids, 

liquids,  and  gases.     Both  philosophically  and  historically^  this 

division  is  indicated. 

SECnOK  L 

STATICS. 

Taking  the  statics  of  gravity  first,  we  must 
cSTitT^      point  out  that  we  owe  our  elementary  notions  of 
^^^'        positive  barology  to  Archimedes.   He  first  clearly 
established  that  the  statical  effort  produced  in  a  body  by  gra- 
vity,— that  is,  its  weight, — is  entirely  independent  of  the  form 
^  of  the  surface,  and  depends  only  on  the  volume, 

^^*  as  long  as  the  nature  and  constitution  of  the 
body^  remain  unchanged.  This  may  appear  to  us  very  simple ; 
but  it  is  not  the  less  the  true  germ  of  a  leading  proposition 
in  natural  philosophy,  which  was  perfected  only  at  the  end  of 
the  last  century;  namelv,  that  not  only  is  the  weight  of  a 
body  independent  of  its  form,  and  even  of  its  dimensions,  but 
of  the  mode  of  aggregation  of  its  particles,  and  of  all  variations 
which  can  occur  in  their  composition,  even  by  the  different 
vital  operations;  in  a  word,  that  this  quality  is  absolutely 
unalterable,  except  by  the  circumstance  of  its  distance  from 
the  centre  of  the  earth.  Archimedes  could  take  none  but 
geometrical  circumstances  into  the  account ;  but,  in  this 
elementary  relation,  his  work  was  complete.  He  not  only 
discovered  that,  in  homogeneous  masses,  the  weight  is  always 
in  proportion  to  the  volume;  but  he  disclosed  the  best  means 
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of  measuring,  in  solid  bodies,  by  bis  fionous  bydrostatic  prin- 
ciple, tbe  specific  co-eflScient  irhicb  enables  ns  to  estimatCj 
according  to  this  law,  tbe  weight  and  volume  of  the  body,  by 
means  of  each  other.  ,We  owe  to  him  too  the  idea  of  the 
centre  of  gravity,  together  with  the  first  dc^'clopmcut  of  the 
corresponding  geometrical  theory.  Under  tliis  ^icw,  all  pro- 
blems respecting  the  equilibrium  of  solids  are  included  in  the 
domain  of  rational  mechanics :  so  that,  except  the  important 
relation  of  weight  to  masses,  which  could  be  fidly  knotiTi  only 
to  the  modems,  Archimedes  ought  to  be  regarded  as  the  true 
founder  of  statical  barology,  in  relation  to  solids.  There  is, 
however,  another  leading  idea  which  was  not  dear  in  the  time 
of  Archimedes,  though  it  became  so,  soon  afterwards;  that  of 
the  law  of  the  direction  of  gravity,  which  men  spontaneously 
considered  to  be  constant,  and  which  the  school  of  Alexandria 
ascertained  to  vary  fix)m  place  to  place,  always  being  perpen- 
dicular to  the  surface  of  the  terrestrial  globe;  a  discovery 
which  is  evidently  due  to  astronomy,  by  which  alone  the 
means  are  offered  of  manifesting  and  measuring,  by  compa- 
rison, the  divergence  of  verticals. 

The  ancients  had  no  accurate  ideas  about  the 
equilibrium  of  liquids;  for  Archimedes  contem-   SiSk' 
plated  only  the  equilibrium  of  solids  sustained  by    ^^"^ 
liquids.     His  piinciple  did  not  result,  as  with  us,  from  an 
analysis  of  the  pressure  of  the  liquid  against  the  vessel  con- 
taining  it,  thus  Asclosing  the  total  force  exercised  by  the  liquid 
in  sustaining  the  weight.    The  theory  of  graritating  liquids  is 
to  be  ascribed  to  the  modems. 

Tlie  mathematical  character  of  fluids  is  that  their  molecules 
are  absolutely  independent :  and  the  geometrical  character  of 
liquids  is  that  they  ai-e  absolutely  incomiiressible.  Neither  of 
these  is  strictly  tme.  The  mutual  adhcience  of  fluid  mole- 
cules now  forms  an  interesting  section  of  physics;  and,  as  fbr 
the  comprcssiblcness  of  liquids,  it  was  indicated  by  sc\eral 
phenomena,— especially  the  transmission  of  sound  by  water, 
— and  it  is  now  proved  by  unquestionable  cx^icriments.  The 
contraction  as  yet  producible  is  very  small;  and  we  do  not 
know  what  law  the  phenomenon  follows,  in  its  relation  to  va- 
riation of  pressure.  But  this  uncertainty  docs  not  affect  the 
thcor}^  of  the  equilibrium  of  natural  liquids,  o^^iiig  to  the  ex- 
tremc  smallncss  of  the  condensation.  In  the  same  way,  im- 
perfect  fluidity  is  no  hindrance,  provided  the  mass  has  a  cer- 
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tain  extemdon.  We  may  therefore  put  aside  these  exceptions, 
and  proceed  to  consider  the  equilibrium  of  gravitating  liquids, 
in  the  two  cases  in  which  they  are  studied:  in  a  mass  so 
limited  that  the  verticals  are  parallel,  which  is  the  ordinary 
case ;  or  in  a  great  mass,  as  that  of  the  sea,  in  which  we  have 
to  allow  for  the  variable  direction  of  gravity, 
p,^  In  the  first  case,  there  is  dearly  no  difficulty 

^"*  ^****  about  the  sur&oe :  and  the  whole  question  is  of 
the  pressure  against  the  enclosing  vesseL  Stevinns,  following 
the  principle  of  Archimedes,  showed  that  the  pressure  upon  a 
horizontal  boundary,  or  floor,  is  always  equal  to  the  weight  of 
the  liquid  column  of  the  same  base  which  should  issue  at  the 
surface  of  equilibrium :  and  he  afterwards  resolved  into  this 
the  case  of  an  inclined  boundary,  by  decomposing  it  into 
horizontal  elements,  as  we  now  do.  From  this  it  appeared 
that  the  pressure  is  always  equal  to  the  weight  of  a  vertical 
column  which  should  have  the  proposed  boundary  for  its  base ; 
and  for  its  height  that  of  the  surface  of  equilibrium  above  the 
centre  of  gravity  of  this  boundary.  Accoraiug  to  that,  the  in- 
finitesimal analysis  enables  us  easily  to  calculate  the  pressure  " 
against  any  definite  portion  of  any  curved  surface.  The  most 
interesting  physical  result  is  the  estimate  of  the  total  pressure 
supported  by  the  whole  of  the  vessel,  which  is  necessarily 
equivalent  to  the  weight  of  the  liquid  it  contains.  The  equili- 
*  bnum  of  floating  bodies  is  only  a  simple  application  of  this 

:  ^  rule  of  measurement  of  pressure.    The  immersed  part  of  the 

solid  is  a  boundary;  and  it  is  dear  that  the  pressure  of  the 
liquid  to  sustain  the  body  is  equivalent  to  a  vertical  force  equal 
to  the  wdght  of  the  displaced  fluid,  and  applied  to  the  centre 
of  gravity  of  the  immersed  portion.  This  rule  is  predsdy  the 
prindple  of  Archimedes.  The  main  problem  was  geometri- 
cally treated  by  him.  The  only  really  difficult  research  in  this 
matter  relates  to  the  conditions  of  stability  of  this  equilibrium, 
and  the  analysis  of  the  oscillations  of  the  body  floating  round 
its  stable  position ;  and  this  is  one  of  the  most  complex  appli- 
cations of  the  dynamics  of  solids.  If  the  question  was  of  the 
vertical  oscillations  of  the  centre  of  granty,  the  study  would 
be  easy,  because  we  can  estimate  at  once  the  way  in  which  the 
pressure  increases  as  the  body  is  furdicr  immersed,  and  dimi- 
nishes as  it  rises,  tending  always  to  a  return  to  the  primitive 
state.  But  it  is  otherwise  with  oscillaitions  firom  rotation, 
whether  of  rolling  or  pitcldng,  the  theory  of  which  is  a  matter  of 
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much  interest  in  naval  art  Here,  the  mathematical  difficult 
of  the  problem  can  be  met  only  by  abstracting  the  resistan 
and  agitation  of  the  liquid ;  and  the  labours  of  geometers  I 
come  merely  mathematical  exercises,  of  no  practical  use. 

The  question  of  the  equilibrium  of  the  vast  g^^^^^^  ^^ 
liquid  masses  which  compose  the  greater  part  of 
the  earth's  surface  is  clearly  connected  with  the  general  theo 
of  the  form  of  the  planets :  but  difficulties,  unconnected  wi 
the  figure  of  the  planets,  intervene,  and  cannot  be  entire 
surmounted.  Rational  hydrostatics  shows  us  that  equilibria 
is  possible  when  there  is  the  same  density  at  all  points  equa! 
distant  firom  the  earth's  centre;  a  condition  which  is  impi 
sible  under  our  variety  of  temperatures  in  different  positioi 
There  is  no  rational  result  from  any  practicable  study  of  ci 
rents,  of  varying  temperatures,  of  the  compressibleness 
liquids,  all  of  which,  though  following  unknown  laws,  i 
necessary  to  the  solution  of  the  problem.  Wc  have  no  bet 
resource,  at  present,  than  in  empirical  studies:  and  the 
which  belong  more  to  the  natural  history  of  tlie  globe  tb 
to  j^ysics,  are  ver^  imperfect 

The  theory  of  tides  will  hereafter,  when  sciences  and  th 
arrangements  are  more  perfected,  take  its  place  in  the  depa 
ment  of  barology.  The  periodical  disturbances  of  the  eq 
hbrium  of  the  ocean  are  a  proper  subject  for  study  in  o 
nection  xith  terrestrial  gravity ;  and  it  can  make  no  differei 
that  the  cause  of  those 'perturbations  is  found  in  the  planets 
system. 

In  studying  the  third  question  of  equilibrium,    ^^ 
that  of  gases,  we  meet  with  a  difficulty  which  ^  ^ 

does  not  pertain  to  that  of  solids  and  liquids; — ^we  have 
discover  the  gravity  of  the  general  medium  in  which  we  li 
In  the  case  of  liquids,  we  have  only  to  weigh  an  empty  vest 
and  then  the  same  vessel  filled ;  whereas,  in  the  case  of  1 
atmosphere,  a  vacuum  cannot  be  created  but  by  artific 
means,  which  must  themselves  be  founded  on  a  knowledge 
the  weight  of  the  medium  to  be  weighed.  The  fact  can 
ascertained  only  by  indirect  means ;  and  those  are  derived  fr 
the  theories  of  pressure  which  we  have  been  noticing.  Stevu 
was  not  thinking  of  the  atmosphere  in  elaborating  his  tiieoi 
but,  as  it  answered  for  heterogeneous  liquids,  it  must  ans^ 
for  the  atmosphere.  From  that  date,  the  means 
for  ascertaining  the  equilibrium   of  the  atmo-    ^^***^' 
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Bphere,  in  a  positive  manner,  Trere  proTided.  Galileo  projected 
tne  work,  in  his  last  years ;  and  it  was  well  executed  by  his 
illustrious  disciple,  TorriceUi.  He  proved  the  existence  and 
measurement  of  atmospheric  pressure  by  showing  that  this 
pressure  sustained  different  liqidds  at  heights  inversely  pro- 
portioned to  their  densities.  Next,  Pascal  established  the 
necessary  diminution  of  this  pressure  at  increasing  heights  in 
the  atmosphere;  and  Guericke's  invention  of  the  air-pump,  an 
inevitable  result  of  Tomcelli's  discovery,  gave  us  direct  demon- 
stration in  the  power  of  making  a  vacuum,  and  consequently 
of  estimating  the  specific  gravity  of  the  air  which  surrounds 
us,  which  had  hitherto  bo^n  only  vagudy  computed.  The 
creation  and  improvement  of  instruments  of  observation  is  an 
invariable  consequence  of  scientific  discovery;  and,  in  this 
case,  the  firuits  are  the  barometer  and  the  air-pump. 

One  condition  remained,  before  we  could  applv  the  laws  of 
hydrostatics  to  atmospheric  equilibrium.  We  had  to  learn  the 
relation  between  the  density  of  an  elastic  fluid  and  the  pres- 
sure which  it  supports.  In  liquids  (supposed  incompressible) 
the  two  phenomena  are  mutually  independent;  whereas,  iii 
gases  thqr  are  inentablv  connected :  and  herein  lies  the  essen- 
tial difference  between  the  mechanical  theories  of  the  two  fluids. 
The  discovery  of  this  elementary  relation  was  made  about  the 
same  time  by  Mariotte  in  France  and  Boyle  in  England. 
These  illustrious  pliilosophcrs  proved  by  their  experiments  that 
the  different  volumes  successively  occupied  by  the  same  gaseous 
mass  are  in  an  inverse  ratio  to  the  different  pressures  it  receives. 
This  law  has  since  been  verified  by  increasing  the  pressure  to 
nearly  that  of  thirty  atmospheres ;  and  it  has  been  adopted  as 
the  basis  of  the  whole  Mechanics  of  gas  and  vapours.  But 
we  must  beware  of  acccptme  it  as  the  mathematical  expression 
of  the  reality ;  for  it  is  evidently  the  same  thing  as  regarding 
elastic  fluids  as  always  equally  compressible,  however  com- 
pressed they  may  already  be ;  or,  conversely,  as  always  equally 
dilatable,  however  dilated  they  may  already  be : — suppositions 
which  camiot  be  indefinitely  extended.  But  thus  it  is,  more 
or  less,  with  all  the  laws  we  have  ascertained  in  our  study  of 
nature.  They  approximate,  within  narrow  limits,  we  must 
suppose,  to  the  mathematiod  reality:  but  they  are  not  that 
reality  itself,  even  in  the  grand  instance  of  grantation.  Tlicse 
laws  are  sufficient  for  our  use  aud  guidance;  and  that  is  all 
he  result  that  positive  science  pretends  to. 
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Under  the  law  of  Mariotte  and  Boyle,  the  ^^ 
'  theory  of  atmospheric  equilibrium  falls  into  the  Sept^im. 
department  of  Rational  ^lechanics.  We  see  at 
once  that  the  air  can  no  more  be  in  a  state  of  real  oquilibriun 
than  the  ocean ;  and  so  much  the  further  finom  it  as  heat  ez< 
pands  air  more  than  water.  Yet  we  must  conceive  of  thi 
partial  equilibrium  of  a  very  narrow  atmospheric  column,  t< 
form  a  just  general  idea  of  the  mode  of  diminution  in  rcgarc 
to  the  density  and  pressure  of  the  different  strata.  Putting 
aside  considerations  of  heat,  and  the  small  effects  of  grarita- 
tion  in  such  a  case,  wc  see.  that  density  and  pressure  must  di. 
minish  in  a  geometrical  progression  for  altitudes  increasing  ii 
arithmetical  progression:  but  this  abstract  ▼aiiation  is  re- 
tarded by  the  diminishing  heat  of  the  loftier  atmospherii 
strata,  which  makes  each  stratum  more  dense  than  it  wovik 
be  fix>m  its  position.  Here,  therefore,  we  are  stopped  by  thi 
inten'cution  of  a  new  clement  which  we  do  not  understand 
— the  law  of  the  vertical  variation  of  atmospheric  tempera- 
tures— our  ignorance  of  which  can  be  supplied  only  by  inexad 
and  uncertain  expedients.  Great  caution  is  necessary  in  using 
Bouguer's  method  of  measuring  altitudes  by  the  barometer) 
a  method  very  ingenious,  but  depending  on  such  complex  and 
uncertain  conditions,  and  reqiiiring  sometimes  so  much  delay 
that  it  is  even  preferable,  when  circumstances  permit,  to  entei 
upon  a  geometrical  measurement,  which  has  so  greaUy  the 
advantage  in  certainty.  Yet,  considered  bv  itself,  the  method 
of  measurement  by  the  barometer  is  valuable  for  its  contribu- 
tions to  our  knowledge  of  the  surface  reliefs  of  our  globe. 

SEcnoN  n. 

DYNAMICS. 

We  have  now  to  consider  the  laws  of  notion  of  graritating 
bodies;  and  of  Solids,  in  the  first  place. 

Tlie  last  elementary  notion  about  grarity, — that  of  the  ne- 
cessary proportion  between  weight  and  mass, — which  was  still 
wanting  to  statical  barology,  was  established  by  tlie  admirable 
obscnation  that  all  bodies  in  a  vacuum  foil  tlirough  the  same 
space  in  the  same  time.  Proceeding  from  this,  we  must  exa- 
mine  the  discovery  of  the  laws  of  motion  produced  by  gravity 
We  shall  find  herein,  not  only  the  historical 
origin  of  physics,  but  the  most'pc»rfect  method  ^"■*«y- 
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of  philowphising  of  which  the  science  admits.  Aristotle 
obsencd  tlie  natural  acceleration  of  bodies  in  their  fall ;  but 
he  could  not  discover  the  law  of  the  case,  for  M'ant  of  the 
elementary  principles  of  rational  dynamics*  His  hypotlicsisj 
that  the  velocity  increases  in  proportion  to  the  space  traversed, 
was  plansihle,  till  Galileo  found  the  true  theory  of  varied  mo- 
tions. Wien  Galileo  had  discovered  the  law  that  the  velocity 
and  the  space  traversed  were  necessarily  proportioned,  the  one 
to  the  time,  and  the  other  to  its  square,  he  showed  how  it 
could  be  verified  in  two  ways ;  by  the  immediate  obsen'ation 
of  the  fall,  or  by  retarding  the  descent  at  will  by  the  aid  of  a 
sufficiently  inclined  plane, — allowance  being  made  for  the 
friction.  An  ingenious  in  strum  cnt,  which  affords  a  convenient 
verification,  was  afterwards  offered  by  Atwood  ;  it  retards  the 
descent,  while  lea\ing  it  vertical,  by  compelling  a  small  mass 
to  move  a  very  large  one  in  that  direction. 

By  this  one  law  of  Galileo,  all  the  problems  relating  to  the 
motions  of  falling  bodies  resolve  themselves  into  questions  of 
rational  dynamics.  They,  indeed,  compelled  its  formation,  in 
the  sijvcnteeiith  century  ^  as,  in  the  cigliteenth,  questions  of  * 
celestial  mechanics  thoroughly  developed  it.  In  all  that  re- 
lates  to  tim  motion  of  translation  of  a  body  in  space^  this  study 
is  due  to  Galileo,  who  established  the  theory  of  the  cmrilincar 
motion  of  projectiles — allowance  being  made  for  the  resist- 
ance of  the  air.  All  attempts,  ho^vcver,  to  ascertain  the  eiibct 
of  this  resistance  have  hitherto  been  in  vain;  and  ilici*€tbre 
the  study  of  the  real  motion  of  projectiles  is  still  extremely 
imperfect. 

As  for  the  motions  that  gravity  occasions  in  bodies  that  are 
not  free  in  space, — the  only  important  case  is  that  of  a  IxkIv 
confined  to  a  given  eun  e<  It  constitutes  the  problem  of  the 
pendulum,  which  we  have  already  considered,  as  the  immortal 
achievement  of  Huyghens.  Its  practical  interest^  as  tlis 
basis  of  the  most  pertcct  clironometrv,  presented  itself  first : 
but  it  has  besides  furnished  two  general  consequences,  very 
essential  to  the  progress  of  barology.  First,  it  enabled  New- 
ton to  verify  the  proportion  of  weight  to  mass  with  much 
more  CTtactness  than  would  have  been  |>ossible  by  the  experi- 
ment of  the  fall  of  bodies  in  a  vacuum;  and,  in  the  second 
place,  the  pendulum  has  enabled  us,  as  we  saw  before,  to 
observe  the  differences  of  the  universal  gravity  at  different  r 
distances  from  the  earth's  centre.     It  is  by  the  lisc  of  this 
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method  that  we  are  continuaUy  adding  to  our  knowledge  of  t 
measure  of  granty  at  varioua  points  on  the  globe,  and,  thei 
fore,  of  the  figure  of  the  earth. 

In  these  different  sections  of  dynamical  barology,  sol 
bodies  are  regarded  as  points, — considerations  of  dimensio 
being  discarded :  but  a  new  order  of  difficulties  arises  wh 
we  have  to  consider  the  particles  of  which  the  body  is  rea] 
formed.  With  r^ard  to  cases  of  restricted  motion,  as  t 
pendulum,  die  thing  to  be  done  is  to  find  out  under  wl 
laws  the  different  points  of  the  body  modify  the  uneqi 
times  of  their  respective  oscillations,  so  that  die  whole  m 
oscillate  as  one  point,  real  or  ideal.  This  law,  discovered 
Huyghens,  and  afterwards  obtained  by  James  Bemouilli  ii 
more  scientific  manner,  easily  transforms  the  compound  ii 
the  simple  pendulum,  when  the  moment  of  inertia  of  the  bo 
is  known.  The  study  of  the  pendulum  is  involved  in  all  t 
questions  of  the  dynamics  of  solids.  To  give  it  the  last  c 
gree  of  precision,  it  is  necessary  to  consider  the  resistance 
the  air,  though  that  resistance  is  small  in  comparison  with  t 
case  of  projectiles.  This  is  done,  with  ease  and  certainty, 
comparing  theoretical  oscillations  with  real  ones,  exposed 
the  resistance  of  the  air ;  when,  of  course,  the  diffisrence  I 
twcen  the  two  gives  the  amount  of  that  reastanee. 

We  have  seen  enough  of  the  difiiculties  of  hy- 
drodyuamics  to  miderstand  that  the  part  of  dy-   ^'"*^- 
namical  barolog}'  which  relates  to  fluids  must  still  be  \i 
imperfect.     In  the  case  of  the  gases,  and  especially  of  1 
atmosphere,  next  to  nothing  has  been  attempted,  finom  i 
sense  of  the  impracticable  nature  of  the  inquiiy.     The  oi 
analysis  wliich  has  been  proceeded  with,  in  r^ard 
to  liquids,  is  that  of  their  flow  by  very  small  CateofUqu 
orifices  in  the  bottom  or  sides  of  a  vcssd :  that  is,  the  pmr 
linear  motion,  mathematically  presented  by  Daniel  Bemoui 
in  his  celebrated  hypothesis  of  the  iiarallelism  of  lamin». 
principal  result  has  been  to  demonstrate  the  rule,  empirics 
pi-oposcd  by  Torricelli,  as  to  the  estimate  of  the  velocity 
the  liquid  at  the  orifice,  as  equal  to  that  of  a  weight  fall 
fix>m  the  entire  height  of  the  liquid  in  the  vessel.     Now,  t 
rule  has  been  reconciled  with  ol^n'ation,  even  on  the  sup] 
sition  of  an  invariable  level,  only  by  an  ingenious  fiction,  si 
gcsted  by  the  singular  phenomenon  of  the  contraction  of 
liquid  filament    The  case  of  a  variable  level  is  scarcely 
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tered  upon  yet ;  or  any  which  involves  the  form  and  size  of 
the  orifice.  As  for  more  complex  cases, — ^their  theory  is  yet 
entirely  in  its  infancy''^. 

From  this  cursory  renew  of  Barology  we  may  carry  away 
some  idea  of  its  spirit,  and  of  the  progress  of  which  it  admits. 
Imperfect  as  our  sun^ey  has  been,  we  may  perceive  that  this 
first  province  of  Physics  is  not  only  the  purest,  but  the  richest. 
We  may  observe  in  it  a  character  of  rationality,  and  a  degree 
of  co-ordination  which  we  shall  not  meet  with  in  other  parts 
of  the  science.  It  is  because  we  look  for  a  consistency  and 
precision  almost  like  those  that  we  find  in  astronomy  that  mt 
consider  barology  so  imperfect  as  we  do.  It  has  long  attained 
its  position  of  positivity :  there  is  no  one  of  its  subdi^nsioi^^ 
_  which  is  not  at  least  sl^etchcd  out :  all  the  gene- 

of  BuSogy.  ^  means  of  investigation.  Observation,  Experi- 
ment, and  Comparison,  have  been  successively 
applied  to  it ;  and  thus  its  future  progress  depends  only  ou  a 
more  complete  harmony  between  these  three  methods,  and  on 
a  more  imiform  and  dose  combination  between  the  mathema- 
tical spirit  and  the  physical. 

•  The  Bubjccts  here  spoken  of  by  M.  Cotnte  hare  recently  received  lenmr^nblc 
elucidation  through  experiinentt  entered  upon  chiefly  by  the  instrumental Uj  i*r 
tlie  **  British  Association  for  the  adTanceinent  of  Science."  There  eaniiol  W 
much  hope,  in  the  present  state  of  our  knowledge,  of  asci^nding  otlierwise  ilirtii 
empirically  towards  any  general  law  or  rules  which  will  either  comprehend  plii^* 
nomena,  or  be  of  use  in  practice. — J.  P.  N. 
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CHAPTER  III. 


THERMOLOaY. 


Next  to  the  phenomena  of  gravity,  those  of  heat  ai 
questionably,  the  most  univeml  in  the  provinee  of  I 
Tliroughout  the  economy  of  terrestrial  nature,  dead  or 
the  function  of  heat  is  as  important  as  that  of  j^^ 
granty,  of  which  it  is  the  chief  antagonist  The 
consideration  of  gravity  presides  over  the  geometric 
mechanical  study  of  bodies :  while  that  of  heat  prevail 
turn,  when  we  investigate  deeper  modifications,  rdai 
either  the  state  of  aggregation  or  the  composition  of 
culcs :  and  finally,  vitality  is  subordinated  to  it.  The  intc 
application  of  heat  constitutes  the  chief  action  of  mai 
nature.  Thus,  after  barology,  thermology  is,  of  all  th 
of  physics,  the  one  which  most  dcsen*es  our  study. 

Tlie  earliest  scientific  observations  in  thermology  arc 
as  old  as  the  discoveries  of  Stevinus  and  Galileo  on  ^ 
the  invention  of  the  thermometer  ha\ing  taken  place 
beginning  of  the  seventeenth  century :  but,  owing  to  th 
plication  of  its  phenomena,  it  has  always  been  ^  t^^  i^ 
distanced  by  barology.  At  the  end  of  the  seven- 
teenth ccntuxy,  the  indications  of  the  thermometer  coi 
be  compared,  for  want  of  two  fixed  points,  the  neoesf 
which  was,  at  that  time,  pointed  out  by  Newton.  The  g 
difference  between  the  two  studies,  however,  was  in  theii 
AVliile  philosophers  were  already  inquiring,  with  r^ 
weight,  what  were  its  phenomena  and  their  laws,  tho 
were  studying  heat  were  looking  for  the  nature  of  fire,  i 
ducing  the  facts  of  the  case  to  something  merely  episodi 
was  only  at  the  end  of  the  last  century,  that  the  great  dii 
of  Black  imparted  anything  of  a  scientific  character  t 
mology,  wliile  barology  was  almost  as  much  advanced 
now.  Our  philosophers  still  entertain  some  of  the  old 
ras;  but  now  very  loosely,  and,  as  they  say,  to  fadlit 
study  of  the  phenomena.    The  labours  of  Fourier,  h 
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must  soon  establish  a  thoroughly  sdentific  method ;  and  this 
result  cannot  but  be  aided  by  the  fietct  that  the  two  great 
modem  hypotheses  about  the  nature  of  heat  are  in  direct 
collision.  It  is  certain  that,  of  all  the  pronnces  of  physics, 
thermology  is  the  nearest  to  a  complete  emancipation  from 
the  anti-scientiiic  spirit. 

-^^^  Of  all  the  branches  of  Physics  which  admit 

Mathomaticf.  ^I&thematical  Analysis,  this  is  the  one  which  ex- 
hibits the  most  special  application  of  it.  Baro- 
logy  enters  into  the  pro\*ince  of  rational  mechanics ;  and  bo, 
in  a  less  decree,  docs  acoustics.  Tlie  analytical  theory  of  heat 
now  offers  a  scientific  character  as  satisfactory  as  that  of  gra- 
vity and  sound ;  and  it  may  be  treated  as  a  dependency  of  ab- 
stract Mechanics,  without  any  i-esort  to  diimcrical  hypotheses. 
Our  present  business  is,  however,  with  the  purely  phy&dcal 
study  of  Heat 

SECTION  L 

MUTUAL  THERXIOLOGICAL  INFLUENCE. 

Physical  thermology  consists  of  two  parts,  di^ 
Two  i»rt».  tinct,  but  nearly  connected.  The  first  relates  to 
the  mutual  influence  of  two  bodies  in  altering  their  respective 
temperatures.  The  second  consists  in  the  study  of  those  al* 
terations :  that  is,  of  the  modifications  or  entire  change  whieb 
the  physical  constitution  of  bodies  may  undergo  in  couse* 
qucnoe  of  their  variations  of  temperature,  stopping  at  the 
point  at  which  chemistry  intcr\'cncs, — that  is,  where  the  mo- 
lecular composition  becomes  affected.  The  first  of  these  con- 
sirts  in  the  theory  of  warming  and  cooling. 
FiMt  M  t  1  ^^  thermological  effect  is  produced  between 
mllueiice.  bodies  of  precisely  the  same  temperature.    The 

action  begms  when  the  temperatures  become  un- 
equal. The  warmer  body  then  raises  the  temperature  of  the 
cooler;  and  the  cooler  depresses  that  of  the  warmer,  till, 
sooner  or  later,  they  reach  a  common  temperature.  Thougli 
the  final  state  maj  usually  be  at  an  unequal  distance  from  tic 
two  extremes,  action  is  not,  properly  shaking,  the  less  tnil}' 
equivalent  to  reaction  in  a  contraiy  direction.  Tliis  case  agtiiii 
divides  itself  into  two.  Tlie  bodies  may  act  at  a  distaiue, 
greater  or  smaller ;  or  they  may  be  in  contact.  Tlie  first  oa^^ 
constitutes  what  is  called  the  radiatiim  of  heat 
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PBOPA6ATION  OF   HEAT.  2: 

The  direct  communication  of  heat  between  two  isolati 
bodies  was  long  denied  by  philosophers^  who  regarded  the  ai 
or  some  other  medium,  as  indispensable  to  the  effect     B 
tliere  is  now  no  doubt  about  it ;  as  thermological  action  tak 
place  in  a  vacuum :  and  the  small  density  and  oonductii 
power  of  the  air  could  not  account  for  the  effects  observe 
in  the  majority  of  ordinary  cases.    This  action,  like  that 
gravity,  extends,  no  doubt,  to  all  distances,  in  eonformify 
the  fundamental  approximation  between  these  two  great  ph 
nomcna,  pointed  out  by  Fourier :  for  we  can  concciTe  of  t1 
plauets  of  our  system  as  exerting  an  appreciable  mutual  i 
fiuence  in  this  respect :  and  it  seems  as  if  the  temperature 
the  whole  solar  system  were  attributable  to  the  thermomcti 
cal  equilibrium  to  which  all  the  parts  of  the  universe  are  i 
ever  tending. 

The  first  law  relating  to  such  an  action  con- 
sists in  its  rectilinear  propagation.  Though  the  ^^*^  ^ 
term  radiation  has  been  connected  with  untena- 
ble h^'pothcses,  we  may  retain  it,  provided  we  carefully  restri 
it  to  the  meaning  that  it  is  in  a  right  line  that  two  points  a 
thermologically  on  each  other.  It  thus  implies  that  in  pb 
ing  bodies  to  prc\'cnt  this  mutual  action  between  two  othe 
tlie  aWrbing  body  must  be  placed  in  a  right  line. — ^This  i 
diating  heat  can  be  reflected  like  light,  and  in  conformity  wi 
the  same  rule :  and  it  undergoes  the  same  refractions  as  ligl 
with  some  modifications. — Another  question  about  this  acti< 
relates  to  the  influence  of  the  direction  of  radiation  consider 
in  regard  to  the  surface  of  either  the  warming  or  the  warm 
body.  The  experiments  of  Leslie,  confirmed  by  the  mat! 
matical  results  of  the  case,  have  established  that,  in  eitb 
case,  the  intensity  of  the  action  is  greater  as  the  rays  approa 
the  perpendicular,  and  that  it  varies  in  proportion  to  the  si 
of  the  angle  that  they  form  with  each  sur&ce. — ^The  last  cc 
sidcration,  and  the  most  important,  is  the  difference  of  tei 
pcratures  between  the  two  bodies.  AVhen  this  difference 
not  very  great,  the  intensity  of  the  action  is  in  precise  propc 
tion  to  it :  but  this  relation  appears  to  cease  when  the  temj 
raturcs  become  very  unequal. 

When  the  radiation  is  not  direct,  but  transmitted  throi^ 
an  intermediate  lx)dy,  the  conditions  just  noticxid  beeoi 
complicated  with  new  circumstances  relating  to  the  action 
*'^e  interposed  body.      We  owe  to  Saussure  a  fine  series 

M  2 


244  POSITIVE  PHILOSOPHY. 

experiments — ^hardly  varied  enough  however, — upon  the  effect 
of  a  set  of  transparent  coverings  in  changing  remarkably  the 
natural  mode  of  accumulation  or  dispersion  of  heat  whether 
radiant  or  obscure.  More  recently,  M.  Melloni  has  pointed 
out  an  essential  distinction  between  the  transmission  of  heat 
and  that  of  light,  in  proving  that  the  most  translucent  bodies 
are  not  always  those  through  which  heat  passes  most  easily; 
as  was  previously  supposed.  ^ 

It  is  well  for  physicists  to  separate  the  radia- 

b^SSlrt"  ^^^  ®^  ^^*  ^^  ^**  propagation  by  contact, 
for  analytical  punposes ;  but  it  is  c\ident  that 
the  separation  cannot  be  foimd  in  nature.  They  aro  alwap 
found  in  connection,  however  unequally.  Besides  that  the 
atmosphere  can  hardly  be  absent,  and  is  always  establishing 
an  equilibrium  of  heat  between  bodies  that  are  apart,  it  is 
clear  that  it  is  only  the  state  of  the  surface  that  can  be 
determined  by  radiation.  The  interior  parts,  which  have  as 
much  to  do  with  the  final  condition  as  the  surface,  can  grow 
warmer  or  cooler  only  by  contiguous  and  gradual  propagation. 
Thus,  no  real  case  can  be  analysed  by  the  study  of  its  radia- 
tion alone.  And  again,  the  action  by  contact  of  t^vo  bodies 
can  take  place  only  in  those  small  portions  which  aro  in  con- 
tact, while  the  bodies  aro  acting  upon  each  other  by  the 
I'adiation  of  all  the  rest  of  their  surfaces.  Thus,  though  the 
two  modes  of  action  aro  really  distinct,  the  analysis  of  either 
is  rendered  extromcly  difficult  by  their  perpetual  combination. 
Of  the  three  conditions  noticc^i  above,  relating  to  the  action 
exerted  at  a  distance,  the  only  one  which  applies  equally  to 
the  pro])agation  of  heat  by  contact  is  the  diifcronce  of  tem- 
peratures. The  temperatmre  of  the  parts  in  question  can  have 
so  Uttle  inequality,  that  the  law  which  makes  the  action  in- 
crease in  proportion  to  the  diffcronce  may  be  regarded  almost 
as  an  exact  expression  of  the  bet.  As  for  the  law  relating  to 
direction,  it  probably  subsists  hero  too,  though  we  cannot  be 
perfectly  assured  of  it.  But  that  law  whidi  relates  to  the 
distance  must  be  totally  changed ;  for,  on  the  one  hand,  the 
action  of  the  almost  contiguous  particles  cannot  be  nearly  so 
great  as  the  variations  which  we  aro  able  to  estimate  would 
lead  us  to  suppose;  and,  on  the  other  hand,  when  we  com- 
paro  the  various  small  intervals  between  them,  the  diminu- 
tion is  certainly  much  moro  rapid  than  in  the  case  of  distant 
bodies. 
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CONDUCTIBIUTT. 

Whatever  may  be  the  mode  of  the  warming  ai 
respective  bodies,  the  final  state  which  is  estab 
the  hiws  just  noticed  is  numerically  determii 
essential  coefficients^  proper  to  every  natural 
specific  gravity  is  in  baiology. 

Under  the  old  term  conductibiliiy,  two  proprar- 
ties  were  confounded,  which  Fourier  separated, 
giving  them  the  names  at  penetrability  and  penn 
first  signifying  that  by  which  heat  is  admitted  al 
or  dispersed  from  it,  and  the  other  that  by  whicb 
at  the  surface  are  propagated  through  the  in- 
terior. Permeability  depends  altogether  on  the 
nature  of  the  body  and  its  state  of  aggregation, 
ences  of  bodies  in  this  respect  have  always  been  c 
vation ;  for  instance,  the  rapid  propagation  of  hcs 
bodies  in  comparison  with  coal,  which  may  be  bi 
point  and  scarcely  warm  a  few  inches  off,  wl 
rapidly  pervades  the  whole  body  of  metal.  It  va 
physical  constitution  of  bodies,  so  diminishing  i 
even  Rumford  went  so  far  as  to  deny  permeabi 
altogether,  ascribing  the  propagation  of  heat  in 
tenor  agitation.  This  was  a  mistake;  but  pe 
very  wc^  in  liquids,  and  weaker  still  in  gases. 
As  to  penetrability,  while  partly  depending  on 
the  state  of  aggregation  of  bodies,  it  depends  m 
the  state  of  their  surfaces, — on  colour,  polish,  a 
larity  in  which  radiation  in  various  directions  ca 
and  divers  other  modifications :  and  it  changes 
'surface  as  it  is  exposed  to  the  action  of  different 

Strictly  speaking,  the  different  degrees  of  iki 
of  conductibilitv  cannot  affect  the  final  thermoh 
the  two  bodies,  out  only  the  time  at  which  it  is  h 
as  real  questions  often  become  mere  questions  < 
dear  that  if  the  inequalities  are  very  marked,  the 
the  intenrity  of  the  phenomena  under  study; 
where  the  permeability  is  so  feeble  that  the  reqi 
heat  caimot  be  obtained  in  time,  but  by  applyuig 
the  surface  as  will  break  or  bum  it;  m  which  < 
noraenon  cannot  take  place ;  or,  not  within  an 
time.  In  general,  the  more  perfect  boUi  kinds 
bility,  the  better  the  bodies  will  obey  the  laws  o 
cal  action,  at  a  distance  or  in  contact.     It  woulc 
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very  important  to  measure  the  value  of  these  two  coefficients 
for  all  bodies  under  study :  but  unliappily  such  estimates  are 
at  present  extremely  imperfect.  The  business  was  vague 
enough,  of  course,  when  the  two  kinds  of  conductibility  were 
confounded;  but  Fourier  has  taught  us  how  to  estimate  per- 
mcabilit^  directly,  and,  of  course,  penetrability  indirectly,  by 
subtractmg  the  permeability  from  the  total  of  conductibility. 
But  the  application  of  his  methods  is  as  yet  hardly  initiated. 
Specifie  heat  ^^®  consideration,  that  of  specific  heat,  re- 
^^  mains  to  be  noticed,  as  conciurring  to  regulate 

the  results  of  thermological  action.  Whether  under  condi- 
tions of  equal  weight,  or  of  equal  volume,  the  diflTcrcnt  sub- 
stances consimie  distinct  quantities  of  heat  to  raise  their  tem- 
perature cquaUy.  This  property,  of  which  little  was  known 
tiU  the  latter  half  of  the  last  century,  depends,  like  permea- 
bility, only  in  a  less  degree,  on  the  physical  constitution  of 
bodies,  wlule  it  is  independent  of  the  state  of  their  surfaces. 
It  must  considerably  affect  the  equali2ed  temperature  com- 
mon to  t\i'0  bodies,  which  cannot  be  equally  different  from 
the  primitive  temperature  of  each,  if  they  differ  fit)m  each 
other  in  the  point  of  their  specific  heat.  Physicists  have 
achieved  a  good  deal  in  the  estimate  of  specific  heat.  Tlie 
best  method  is  that  of  experiment  with  the  calorimeter,  in- 
vented by  Lavoisier  and  Laplace,  for  its  measurement.  The 
quantity  of  heat  consumed  by  any  body  at  a  determinate 
elc\'ation  of  temperature,  is  estimated  by  the  quantity  of 
ice  mdtcd  by  the  heat  it  gives  out  in  its  passage  from  the 
highest  to  the  lowest  temperature.  The  apparatus  is  so  con- 
trived as  to  isolate  the  experiment  from  all  thermological  ac- 
tion of  the  vessel  and  of  the  medium;  and  thus  the  results 
obtained  are  as  precise  as  can  be  desired. 

Tlicse  are  the  three  coefficients  which  serve  to  fix  the  final 
temperatures  which  result  fix)m  the  thermological  equilibrium 
of  bodies.  Till  we  know  more  of  the  laws  of  their  variations, 
it  is  natural  to  suppose  them  essentially  uniform  and  con- 
stant :  but  it  would  not  be  rational  to  couccive  of  conducti- 
bility as  identical  in  all  directions,  in  all  bodies,  however  their 
structure  mav  vary  in  different  directions;  and  sixx;ific  heat 
probablv  undergoes  changes  at  extreme  tcmpcraiturcs,  and 
especially  in  the  neighbourhood  of  tliose  which  determine  a 
new  state  of  agj^regation,  as  some  exi)crimcnts  already  seem 
to  indicate.     However,  tlicse  modifications  are  stiU  so  uncer- 
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tain  and  obscure,  that  physicists  cannot  be  blame 
keeping  them,  at  this  day,  perpetually  in  view. 

SfiCXIOK  n. 

CONSTITUENT  CHANGES   BY   HEAT. 

The  second  part  of  thcrmology  is  that  which  ^ 
relates  to  the  alterations  caused  by  heat  in  the  G 
physical  constitution  of  bodies.  These  alterations  ^ 
are  of  two  kinds ;  changes  of  volume,  and  the 
production  of  a  new  state  of  aggregation;  and  tl 
part  of  thcrmology  of  which  we  are  least  ignorant. 

These  phenomena  are  independent  of  those  of  wai 
cooling,  though  they  are  found  together.  When  we 
substance,  the  elevation  of  tcmix^rature  is  determii] 
by  the  portion  of  heat  consumed,  the  rest  of  which 
greater  part),  insensible  to  the  thermometer,  is  ab 
modify  the  physical  constitution.  This  is  what  ^ 
we  mean  when  we  say  that  a  portion  of  heat  has 
b(xx)me  latent ;  a  term  which  we  may  retain,  thouj 
originally  used  in  connection  with  a  theory  about  t 
of  heat.  This  is  the  fundamental  law  discovered  by 
observation  of  the  indisputable  cases  in  which  a  ph] 
dification  takes  place  without  any  change  of  tempi 
the  modified  body.  AATicn  the  two  cflTccts  co-exist,  i 
moi*e  difficult  to  analyse  and  apportion  them. 

Considering  first  the  laws  of  change  of  vplume, 
it  is  a  general  truth  that  every  homogeneous  ^^ 
body  dilates  xnth  heat  and  contracts  with  cold; 
and  the  fact  holds  good  Mith  heterogeneous  bodic 
organized  tissues  especially,  in  regard  to  their  o 
parts.  There  are  very  few  exceptions  to  this  rule,  i 
few  extend  over  a  veiy  small  portion  of  the  theme 
scale.  The  principal  anomaly  however  being  the  cas< 
it  has  great  impoitauce  in  natural  history,  though  nc 
abstract  pliysics,  except  from  the  use  tJiat  philosoj 
made  of  it  to  pix)cure  an  invariable  unity  of  dcnsii 
at  command.  These  anomalies,  too  rare  and  rcstri< 
validate  any  general  law,  are  sufficient  to  discredit  a 
explanations  of  expansions  and  contractions,  accordiiij 
every  increase  of  temperature  should  cause  an  expai 
every  diminution  a  contraction,  contrary  to  the  facte 
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Solids  dilate  less  than  liquids,  under  the  same  elevation  of 
temperature,  and  liquids  than  gases;  and  not  only  ^hen  the 
same  substance  passes  through  the  three  states,  but  also  xvhen 
different  substances  are  employed.  The  expansion  of  solids 
proceeds,  as  £Btr  as  we  know,  with  perfect  uniformity.  We 
know  more  of  the  case  of  liquids,  which  is  rendered  extremely 
important  from  its  connection  with  the  true  theory  of  the 
thermometer,  without  which  all  thermolo^cal  inquiries  would 
be  left  in  a  very  dubious  state.  Experiments,  devised  by 
Dulong  and  Petit,  have  shown  that  for  above  tliree  hundred 
centigrade  di^rees  the  expansion  of  the  mercury  follows  an 
exactly  uniform  course, — equal  increase  of  volume  being  pro- 
duced by  heat  able  to  melt  equal  weights  of  ice  at  zero.  This 
is  the  only  case  fully  cstabliwed;  but  we  have  reason  to  be- 
lieve that  the  rule  extends  to  that  of  all  liquids.  The  most 
marked  case  of  such  regularity  is  that  of  g&ses.  Not  only 
docs  the  expansion  take  place  by  equal  gradations,  as  usually 
in  liquids  and  solids,  but  it  affects  aU  gases  alike.  Gases  differ 
from  each  other,  like  liquids  and  solid^  in  their  density,  their 
specific  heat,  and  their  permeability ;  yet  they  all  dilate  uni- 
formly and  equally,  their  volume  increasing  thrce-dghths, 
from  the  temperature  of  melting  ice  to  that  of  boiling  water. 
Vapours  are  like  gases  intliis  particular,  as  in  so  many  others. 
These  are  the  simple  general  laws  of  the  expansion  of  elastic 
fluids,  discovered  at  once  by  6ay-Lussac  at  Paris,  and  Dalton 
at  Manchester. 

CiuBigem  Next,  we  have  to  notice  the  changes  pro- 

it«t«of  duccd  by  heat  in  the  state  of  aggregation  of 

■W«8**>"L      bodies. 

Solidity  and  fluidity  used  to  be  r^arded  as  absolute  quali- 
ties of  bodies;  whereas,  we  now  know  them  to  be  relative, 
and  are  even  certain  that  all  solid  bodies  might  be  rendered 
fluid  if  we  could  apply  heat  enough,  avoiding  chemical  alter- 
ation. In  the  converse  way,  we  used  to  suppose  that  gases 
must  prcscn-e  their  elasticity,  through  all  degrees  of  cooling 
and  of  compression;  whereas  Bussy  und  Fan^ay  have  shown 
us  that  most  of  them  easily  become  liquid,  when  they  are 
seized  in  their  nascent  state;  and  there  is  every  reason  to 
believe  that  by  a  due  combination  of  cold  and  pressure,  they 
may  be  always  liquefied,  e\'en  in  their  developed  state.  Under 
tliis  view  therefore,  different  substances  are  distinguished  only 
by  the  different  parts  of  the  indefinite  thermometrical  scale 
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to  which  their  successive  states,  solid,  liquid,  and  gaseoi 
respond.  But  this  simple  inequality  is  an  all-importu 
racteristic,  which  is  not  yet  thoroughly  connected  wii 
other  fundamental  quality  of  each  substance.  Densit; 
relation  which  ib  the  least  obscure  and  variable, — gasei 
in  general  less  dense  than  liquids,  and.  liquids  than 
But  there  are  striking  exceptions  in  the  second  caa 
might  be  in  the  first,  if  we  luiew  more  of  gases  in  rej 
compression,  and  in  ^^aricd  circumstanocs  of  other  land 
for  the  three  states  of  the  same  substance,  there  is  i 
except  in  some  cases  of  scarce  anomaly,  rarefaction 
fusion  of  solids  and  in  the  evaporation  of  liquids.  All 
changes  have  been  brought  by  the  illustrious  Black  und 
fundamental  law,  which  is,  both  from  its  importance  i 
universality,  one  of  the  finest  discoveries  in  natural 
sophy.  It  is  this :  that  in  the  passage  from  the  j^^  ^ 
solid  to  the  liquid  state,  and  from  that  to  the 
gaseous,  every  substance  always  absorbs  a  more 
or  less  distinguishable  quantity  of  heat,  without 
raising  its  temperature ;  while  the  inverse  process 
disengagement  of  heat,  precisely  correspondent  to  the  a 
tion.  These  disengagements  and  absorptions  of  heat  a 
dently,  after  chcmi<»l  phenomena,  the  principal  sour 
heat  and  cold.  In  an  experiment  of  Leslie's,  an  evapoi 
rendered  extremely  rapid  by  artifidal  means,  lias  pre 
the  lowest  temi)cratures  kuoMH.  Eminent  natural  pi 
phers  have  even  believed  that  the  heat  which  is  so  abun 
disengaged  in  most  great  chemical  combinations  could  p; 
only  from  the  different  changes  of  state  which  com 
result  from  them.  But  this  opinion,  though  true  in  rej 
a  great  number  of  cases,  has  too  many  exceptions  to  dei 
to  become  a  general  principle. 

We  have  now  done  ynth  physical  thermology.  _ 
But  the  laws  of  the  formation  and  ten»on  of  •**^ 
vapours  now  form  an  appendix  to  it ;  and  also  of  coun 
gromctiy.  The  theory  is,  in  fact,  the  necessary  compl 
of  the  doctrine  of  changes  of  state;  and  tliis  is  its  ] 
place. 

Before  Saussurc's  time,  evaporation  was  regarded  as  3 
inical  fact,  occasioned  by  tlie  dissoMng  action  of  air 
liquids.  He  showed  that  the  action  of  the  air  was  advc 
evaporation,  except  in  the  case  of  the  renovation  of  the 

MS 


AJ 


250  POSITIVE    PHILOSOPHY. 

spbere.  The  test  was  found  in  the  formation  of  vapour  in  a 
restricted  space.  Saussure  found  that,  in  such  a  case,  with  a 
given  time,  temperature,  and  space,  the  quantity  and  elasticity 
of  the  vapour  were  always  the  same,  whether  the  space  was 
a  vacuum  or  fiUed  with  gas.  The  mass  and  tension  of  the 
vapour  increased  steadily  with  the  temperature ;  whereas  it 
appears  that  no  degree  of  cold  suffices  to  stop  the  process 
entirely,  since  ice  itsdf  produces  a  vapour  appreciable  by 
very  ddicate  means  of  observation.  We  do  not  know  by 
what  law  the  increase  of  temperature  accelerates  the  evapora- 
tion, at  least  while  the  liquid  remains  below  boiling  point; 
but  the  variations  in  elasticity  of  the  vapour  produced  have 
been  successfully  studied. 

One  term  common  to  all  liquids  is  the  boiling  point.  At 
that  point,  the  rising  tension  of  the  vapour  formed  has  become 
equal. to  the  atmospheric  pressure;  a  fact  which  can  be  ascer- 
tained  by  direct  experiment.  Proceeding  fix)m 
rfSSSSr  *^*  P^*'  ^^-  ^alto^  discovered  the  important 
law  that  the  vapours  of  different  liquids  have  ten- 
sions always  equal  between  themselves  to  temperatures  equi- 
distant from  the  corresponding  boiling  points,  whatever  may  ' 
be  otherwise  the  direction  of  the  difference.  Thus,  the  boiling 
of  water  taking  place  at  one  hundred  degrees,  and  that  of 
alcohol  at  eighty  agrees,  the  two  vapours,  having  at  that  point 
the  same  tension,  equal  to  the  atmospheric  pressure,  will  then 
have  equal  elasticities,  superior  or  inferior  to  the  preceding, 
when  their  two  temperatures  are  made  to  vary  in  the  same 
number  of  degrees.  The  many  new  liquids  discovered  by 
chemists  since  this  law  was  foimd  have  aU  tended  to  confirm 
it.  It  is  very  desirable  that  some  harmony  should  be  disco- 
vered between  the  boiling  temperatures  of  different  liquids 
and  their  other  properties ;  but  this  remains  to  be  done,  and 
these  temperatures  appear  to  us  entirely  incoherent,  though 
there  is  every  reason  to  believe  that  they  are  not  so. 

It  is  evident  that  this  law  of  Dalton's  simplifies  prodigiously 
the  inquiry  into  the  variation  of  the  tension  of  vapours,  ac- 
cording to  their  temperatures;  since  the  analysis  of  these 
variations  in  one  instance  nill  serve  for  all  the  rest.  The 
experiments  undertaken  for  ihin  purpose  by  Dr.  Dalton  and 
his  successors  have  not  fully  established  the  rule  of  proportion 
between  the  tension  and  the  temperature :  but  an  empirical 
law  proposed  by  Dulong  has  tlius  far  ans^.  ured  to  the  obiscncd 
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phenomena.    All  a  jniori  detenninations  of  tbc  law  ] 
utterly  £Bdled. 

The  study  of  hygrometrical  equilibrium  be- 
twecn  moist  bodies  seems  a  natural  adjunct  to  Jg^' 
the  theory  of  evaporation.  Saussure  and  Dduc 
have  given  us  a  valuable  instrument  for  this  inquiry ;  bu 
know  scarcely  anything  of  the  laws  which  n^ulate  the  eq 
brium  of  moisture.  Prevision,  which  is  the  exact  measm 
every  kind,  is  almost  non-existent  in  the  cas 


science 

hygrometry.  The  small  part  that  it  plays  in  the  inorg 
departments  of  nature  is,  no  doubt,  the  reason  of  the  1 
attention  that  physicists  have  devoted  to  it:  but  we  i 
hereafter  find  how  important  is  its  share  in  vital  ph 
mena.  According  to  M.  de  Blainville,  hygrometrical  m 
constitutes  the  first  d^ree  and  elementary  mode  of  the 
trition  of  living  bodies,  as  capiUarity  is  the  germ  of  the  ] 
simple  organic  motions.  In  this  view,  the  n^lect  is  i 
to  DC  regretted.  It  is  one  instance  among  a  multitud 
the  mischiefs  ariring  firom  tlie  restricted  training  of  na 
philosophers.  In  this  case,  two  important  studies,  whicb 
DC  accomplished  only  by  physical  inquirers,  are  n^le 
merely  because  their  chief  destination  concerns  another  de] 
ment  of  science. 

After  this  survey,  we  can  form  some  idea  of  the  chara 
istics  of  this  fine  section  of  Phvsics.  We  see  the  rat 
connection  of  the  different  questions  comprised  in  it;  th( 
grce  of  perfection  which  each  of  them  has  attained ;  am 
gaps  which  remain  to  be  filled  up.  A  vast  advance  was  i 
when,  by  the  genius  of  Fourier,  the  most  simple  and  fi: 
mental  phenomena  of  heat  were  attached  to  an  admi 
mathematical  theoiy. 

SECTION  nL 

CONNECTION   WITH  ANALYSIS. 

Tliis  theory  relates  to  the  first  dass  of  cases, —  Thennol 
those  in  which  an  equalization  of  heat  takes  place  connect 
between  bodies  at  a  distance  or  in  contact;  and  ^tJ^-An 
not  at  all  to  those  in  which  the  physical  constitution  is  al 
by  heat.  It  is  only  by  an  indirect  investigation  that  wi 
learn  how  heat,  once  introduced  into  a  body  from  the  su] 
extends  through  its  mass,  assigning  to  each  point,  at  any 
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moment,  a  determinate  temperature;  or  tbe  converse — how 
this  interior  heat  is  dissipated,  by  a  gradual  dispersion  through 
the  surface.  As  direct  observation  could  not  help  us  here, 
we  must  remain  in  ignorance,  if  Fourier  had  not  brought  ma* 
thematical  analysis  to  the  aid  of  observation,  so  as  to  discover 
the  laws  by  which  these  processes  take  place.  The  perfection 
with  whidi  this  has  been  done  opens  so  wide  a  field  of  explo- 
ration and  application,  unites  so  strictly  the  abstract  and  the 
concrete,  and  is  so  pure  an  example  of  the  positive  aim  and 
method,  that  future  generations  will  probably  assign  to  this 
achievement  of  Fourier's  the  next  place,  as  a  mathematical 
creation,  to  the  theoir  of  gravitation.  Many  contemporaries 
have  hastened  into  the  new  field  thus  opened;  but  most  of 
them  have  used  it  only  for  analytical  exercises  which  add 
nothing  to  our  permanent  knowledge;  and  perhaps  the  la- 
bours of  M.  Duhamel  are  hitherto  the  only  ones  which  afford 
really  any  extension  of  Fourier's  theory,  by  perfecting  the 
analytical  representation  of  thermological  phenomena. 

According  to  the  plan  of  this  work,  we  ought  not  to  quit 
the  limits  of  natural  philosophy  to  notice  any  concrete  con- 
siderations of  natural  history, — ^the  secondary  sciences  being 
only  derivatives  from  the  primary.  It  is  departing  from  our 
rule,  therefore,  to  bring  forward  the  important  theory  of  ter- 
restrial temperatures :  yet  this  most  important  and  difficult 
application  of  mathematical  thermol<^  forms  so  interesting 
apart  of  Fourier's  doctrine,  that  I  cannot  refrain  from  offering 
some  notice  of  it. 

SECTION  IV. 

TERRESTRIAL  TEMPERATURES. 

The  temperature  of  each  point  of  our  globe  is 
owing  (putting  aside  local  or  accidental  influ- 
ences) to  the  action  of  three  general  and  per- 
manent causes  variously  combined:  first,  the  solar  heat,  af- 
fecting different  parts  unequally,  and  subjected  to  periodical 
variations :  next,  the  Ulterior  heat  proper  to  the  earth  since 
its  formation  as  a  planet :  and  tliirdly,  the  general  thenuome- 
trical  state  of  the  space  occupied  by  the  solar  system.  The 
second  is  the  only  one  of  the  three  which  acts  upon  all  the 
points  of  the  glolx^.  Tlie  influence  of  the  two  others  is  con- 
fined to  the  surface.    The  order  in  which  they  have  become 
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knoim  to  118  is  that  in  vhich  I  have  placed  then 
Fourier's  time,  the  whole  subject  had  been  so  va 
carel^y  regarded,  that  all  the  phenomena  were  a 
solar  heat  alone.  It  is  true,  the  notion  of  a  centra 
very  ancient;  but  tliis  hypothesis,  believed  in  an 
without  sufficient  reason,  had  no  scieutific  consists 
question  having  ne\'cr  been  raised  of  the  effect  of 
nal  heat  on  the  thcrmological  variations  at  the  surl 
theory  of  Fourier  afforded  him  mathematical  c^idci 
the  surface  the  temperatures  woidd  be  widdy  diff< 
what  they  are,  both  in  degree  and  mutual  proporl 
globe  were  not  pcn^adcd  by  a  heat  of  its  own,  in- 
dependent  of  the  action  of  the  sun ;  a  heat  which 
tends  to  dispersion  from  the  surface,  by  radiatic 
the  planets,  tliough  the  atmosphere  must  consider] 
this  dispersion.  This  original  heat  contributes  vcj 
a  direct  way,  to  the  temperatures  at  the  surface;  b 
it,  the  solar  influence  woidd  be  almost  wholly  h 
total  mass  of  the  globe;  and  it  therefore  preveuta 
dical  variations  of  temperature  from  following  othei 
those  which  result  fitom  the  solar  influence.  In 
below  the  surface,  the  central  heat  becomes  prepon< 
soonest  in  the  parts  nearest  the  equator;  and  it  b 
sole  regulator  of  temperatures,  and  in  a  rigorous 
manner,  in  proportion  to  the  depth. — ^As  to  the  » 
third  cause,  Fourier  was  the  first  to  conceive  of  < 
it.  He  was  wont  to  give,  in  a  simple  and  striking  ' 
form,  the  results  of  his  inquiries  in  the  sajdug  tliat  i 
left  a  thermometer  behind  it  in.  any  part  of  its  or 
strumcnt  (supposing  it  protected  from  solar  inihu 
not  fall  indefinitely :  the  column  would  stop  at  soi 
other,  which  would  indicate  the  temijerature  of  tl 
which  we  revolve.  Tliis  is  one  way  of  saying  tha 
of  the  temperatures  on  the  surface  of  the  globe  wou 
plicablc,  even  considering  the  interior  heat,  if  the  s 
space  had  not  a  determinate  temperature  diflcrin 
from  that  which  we  should  find  at  the  i)olcs,  if  wc 
ciscly  estimate  it.  It  is  remarkable  that,  of  th 
thcrmological  causes  discovered  by  Fourier,  one  i 
rcctly  obscn'cd  at  the  equator  and  the  other  at 
whilst,  for  all  the  intermediate  points,  our  obscn- 
be  guided  and  interpreted  by  mathematical  aualysi 
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New  as  tilis  difficult  inquiry  is,  our  progress  in  it  depends 
only  on  the  perfecting  of  the  observations  which  Fourier's 
thconr  has  marked  out  for  us.  When  the  data  of  the  problem 
thus  become  better  known,  tliis  theory  will  enable  us  to  lay 
•hold  of  some  certain  evidences  of  the  ancient  ihermological 
state  of  our  globe,  as  weU  as  of  its  future  modifications.  We 
have  already  learned  one  fact  of  high  importance;  that  the 
periodical  state  of  the  earth's  surfSftoe  has  become  essentially 
fixed,  and  cannot  undergo  any  but  imperceptible  changes  l^ 
the  continuous  cooling  of  the  interior  mass  through  future 
ages.  This  rapid  sketcli  will  suffice  to  show  what  a  sudden 
scientific  consistency  has  been  given,  by  the  labours  of  one 
man  of  genius,  to  tins  fimdameutal  portion  of  natural  history, 
which,  before  Fourier's  time,  was  made  up  of  vague  and  arbi- 
trary opinions,  mingled  with  incomplete  and  incoherent  obser- 
vations, out  of  which  no  exBCt  general  view  could  possibly 
arise. 
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ACOUSTICS. 


This  science  had  to  pass,  like  all  the  rest,  through 
the  theological  aiid  metaphysical  stages;  but  it 
assumed  its  positive  character  about  the  same  time  i 
rology,  and  as  completely,  though  our  knowledge  of 
yet,  very  scanty,  in  comparison  with  what  we  have  le 
gravity.  The  exact  information  which  was  obtains 
middle  of  the  seventeenth  ccntuiy  about  the  elemem 
chanical  properties  of  the  atmosphere,  opened  up 
conception  of  the  production  and  transmission  of  i 
vibrations.  The  analysis  of  the  phenomena  of  souu 
us  that  the  doctrine  of  %ibrations  offers  the  exact  ei 
of  an  incontestable  reality.  Besides  its  philosophical 
and  the  direct  importance  of  the  phenomena  of  Acous 
department  of  Physics  appeals  to  special  attention  in  t 
cipal  relations,  arising  &om  its  use  in  perfecting  ou 
mental  ideas  regarding  inorganic  bodies,  and  Man  hii 
By  studying  sonorous  vibrations,  we  obtain  |^ 
some  insight  into  the  interior  mechanical  consti-  the 
tution  of  natural  bodies,  manifested  by  the  modi-  um» 
iications  undergone  by  the  \ibratory  motions  of  ^^ 
their  molecules.  Acoustics  affords  the  best,  if  not  i 
means  for  this  inquiry;  and  the  small  present  amoun 
acquisitions  seems  to  me  no  reason  why  we  should  nc 
abundant  results  when  the  study  of  acoustics  is  more  tu 
It  has  already  revealed  to  us  some  delicate  properties  ol 
bodies  which  could  not  have  been  perceived  in  any  oti 
For  instance,  the  capacity  to  contract  habits, — a  faculi 
seemed  to  belong  exclusively  to  li%ing  beings  (I  no 
power  of  contracting  fixed  dispositions,  according  t< 
longed  scries  of  uniform  impressions), — ^is  clearly  si 
exist,  in  a  greater  'or  smaller  degree,  in  inorganic  aj 
By  vibratory  motions,  also,  two  mechanical  structurei 


256  POSITIVE   PH1L080PHT. 

apart,  act  remarkably  upon  each  other,  as  in  the  case  of  two 
clocks  placed  upon  the  same  pedestaL 

On  the  other  hand,  acoustics  forms  a  basis  to 
K^stSo^  physiology  for  the  analysis  of  the  two  elementary 
jsioiogj.  ftmctions  which  are  most  important  to  the  esta- 
blishment of  social  relations, — ^hearing  and  the  utterance  of 
sound.  Putting  aside,  in  this  place,  all  the  nervous  pheno- 
mena of  the  case,  it  is  dear  that  the  inquiry  rests  on  a  know- 
ledge of  the  general  laws  of  acoustics,  which  regulate  the 
mode  of  vibration  of  all  auditory  apparatus.  It  is  remarkably 
so  with  regard  to  the  production  of  the  voice, — a  phenomenon 
of  the  same  character  with  that  of  the  action  of  any  other 
sonorous  instrument,  except  for  its  extreme  complication, 
through  the  organic  variations  which  affect  the  vocal  system. 
Yet,  it  is  not  to  physicists  tliat  the  study  of  these  two  great 
phenomena  belongs.  The  anatomists  and  physiologists  ought 
not  to  surrender  it  to  them,  but  to  derive  from  physics  all 
the  ideas  necessary  for  conducting  the  research  themselves: 
for  physicists  are  not  prepared  with  ithe  anatomical  data  of  the 
problem,  nor  yet  to  supply  a  sound  physiological  interpretation 
of  the  results  obtained.  Science  lias  indeed  suffered  from  the 
prejudices  wliich  have  grown  out  of  the  introduction  into  phy- 
sics of  superficial  theories  of  hearing  and  phonation,  from 
physical  inquirers  ha>'ing  intruded  upon  the  province  of  the 
physiologists. 

.  After  Barology,  there  is  no  science  which  ad- 

^tb^tkt  ™**  ^^  ^'*^  application  of  mathematical  doctrines 
and  methods  so  well  as  Acoustics.  In  the  most 
general  ^iew,  the  phenomena  of  sound  endently  belong  to  the 
theoiT  of  very  minute  oscillations  of  any  imtem  of  molecules 
rouna  a  situation  of  stable  equilibrium ;  ior,  in  order  to  the 
sound  being  produced,  there  must  be  an  abrupt  perturbation 
in  the  molecular  equilibrium;  and  this  transient  derange- 
ment must  be  followed  by  a  quick  return  to  the  primitive 
state.  Once  produced,  in  the  body  directly  shaken,  the  \ibra- 
tious  may  be  transmitted  at  considerable  intervals,  by  means 
of  an  clastic  medium,  by  exciting  a  gradual  succession  of  ex- 
pansions and  contractions  wliich  are  in  evident  analogy  with 
the  waves  formed  on  the  surface  of  a  liquid,  and  have  given 
occasion  to  the  term  sonorous  undalaiioffs.  In  the  air,  in  par- 
ticidar,  so  clastic  as  it  is,  the  vibration  must  propagate  it- 
self, not  only  in  the  direction  of  the  primitive  concussion,  but 
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in  all  directions,  in  the  same  degree.  The  transm 
tions,  ve  must  observe^  are  always  necessarily  isod 
the  primitive  vibrations,  though  their  amplitude  ma 
different. 

It  is  dear  from  the  outset  that  the  science  of  » 
oomcs^  abnost  fix)m  its  origin,  subject  to  the  laws 
Mechanics.  Since  the  time  of  Newton,  who  was 
attempt  to  determine  the  rate  of  propagation  of  sc 
air,  acoustics  has  always  been  more  or  less  mixed  i 
labour  of  geometers  to  devdope  abstract  Mechani 
from  simple  considerations  of  acoustics  that  Danid 
derived  the  general  prindple  relating  to  the  nee 
separate  co-eiistcnce,  or  independency,  of  small  i 
oscillations  occiisioned  at  the  same  time  in  any 
distinct  concussions.  The  phenomena  of  somid 
best  realization  of  that  law,  without  which  it  woul< 
sible  to  explain  the  commonest  phenomenon  of  i 
the*  simultaneous  existence  of  numerous  and  distu 
such  as  we  are  every  moment  hearing. 

Though  the  connection  of  acoustics  with  rational 
is  almost  as  direct  and  complete  as  that  of  Barolog 
tliematical  character  is  &r  less  manageable  in  11 
than  the  other.  The  most  important  questions  i 
are  immediately  connected  with  the  clearest  and  i 
tive  mechanical  theories;  whereas  the  mathemati< 
sonorous  vibrations  depends  on  that  difficult  and  < 
namical  theory, — ^the  theory  of  the  perturiMitioni 
brium,  and  the  differential  equations  which  it  frun 
tive  to  the  highest  and  most  imperfect  part  of  the  i 
cuius.  Vibratory  motion  of  one  dimension  is  tb 
even  in  regard  to  solids,  whose  mathematical  the 
plcte.  Of  such  motion  of  three  dimensions  we  i 
wholly  ignorant. 

To  form  any  idea  of  the  difficulties  of  the  cas( 
remember  that  vibratory  motions  must  occasion  c 
sical  modifications  of  another  nature  in  tlie  molec 
tution  of  bodies ;  and  that  these  changes,  though  a 
%T[bratory  result,  are  too  minute  and  transient  tc 
ciable.  The  only  attempt  that  has  been  made  to  a 
a  complication  is  in  the  case  of  the  thermological  ei 
result  from  the  nbratory  motion.  Laplace  used  1 
explain  the  difference  between  the  vdocity  of  so 
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air  as  determined  by  experiment  and  that  prescribed  by  tbe 
dynamic  formula,  wliicb  indicated  a  variation  of  about  one- 
sixth.  This  difference  is  accounted  for  by  the  heat  disengaged 
by  the  compression  of  the  atmospheric  strata,  Tvhich  must 
make  their  elasticity  vary  in  a  greater  proportion  than  their 
density,  thereby  aoodei-ating  the  propagation  of  the  vibratoij 
motion.  It  is  true,  a  great  gap  is  left  here;  since,  as  it  is 
impossible  to  measure  this  disengagement  of  heat,  vre  must 
assign  to  it  conjecturally  the  value  ivhich  compensates  for  the 
difference  of  the  two  vdocities.  But  we  learn  from  this  pro- 
cedure of  Laplace  the  necessity  of  combining  thermological 
considerations  with  the  dynamical  theory  of  vibratory  motions. 
The  modification  is  less  marked  in  the  case  of  liquids ;  and 
still  less  in  that  of  solids ;  but  we  are  too  far  behind  with  our 
comparative  experiments  to  be  able  to  judge  whether  the  mo- 
dification is  or  is  not  too  inconsiderable  for  notice. 

Notwithstanding  the  eminent  difficulties  of  the  mathemati- 
cal theory  of  sonorous  vibrations,  we  owe  to  it  such  pro^'ess 
as  has  yet  been  made  in  acoustics.  The  formation  of  the 
differential  equations  proper  to  the  phenomena  is,  independent 
of  their  integration,  a  very  important  acquisition,  on  account 
of  the  approximations  which  mathematical  analysis  allows  be- 
tween questions,  otherwise  heterogeneous,  which  lead  to  simi- 
lar equations.  This  fundamental  property,  whose  value  we 
have  so  often  to  recognize,  applies  remarkably  in  the  present 
case ;  and  especially  since  the  creation  of  mathematical  ther- 
ii^ology,  whose  principal  equations  are  strongly  analogous 
to  those  of  ribratorv  motion. — ^This  means  of  investigation 
is  all  the  more  valuable  on  account  of  the  difficulties  in  the 
way  of  direct  inquiry  into  the  phenomena  of  sound.  We 
may  decide  upon  the  necessity  of  the  atmospheric  medium 
for  the  transmission  of  sonorous  \'ibrations ;  and  we  may  con- 
ceive of  the  possibility  of  determining  bv  experiment  the  du- 
ration of  the  propagation,  in  the  air,  ana  then  through  other 
media ;  but  the  general  laws  of  the  ribrations  of  sonorous 
bodies  escape  immediate  obscn-ation.  We  should  know  almost 
nothing  of  the  whole  case  if  the  mathematical  theory  did  not 
come  in  to  connect  the  different  phenomena  of  somid,  en- 
abling us  to  substitute  for  direct  obscn^ation  an  cquivalcnt^- 
amination  of  more  favourable  cases  subjected  to  the  same  law. 
For  instance,  when  the  analvsis  of  the  problem  of  vibrating 
chords  has  shoivu  us  that,  other  tilings  being  equal,  the  num- 
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bcr  of  oscillations  is  in  inverse  proportion  to  the  leng 
chord,  we  sec  that  the  most  rapid  vibrations  of  a  v< 
chord  may  be  comitcd,  since  the  law  enables  us  to  d 
attention  to  very  slow  vibrations.  The  same  substi 
at  oiur  command  in  many  cases  in  which  it  is  le 
Still,  it  is  to  be  regretted  that  the  process  of  expcrii 
has  not  been  further  improved. 

Acoustics  consists  of  three  parts.  We  might  -^ 
perhaps  say  four,  including  the  tiinbre  (ring  or 
tone)  arising  from  the  particular  mode  of  vibration 
resonant  body.  Tliis  quality  is  so  real  that  we  o 
speak  of  it,  both  in  daily  life  and  in  natural  histor 
would  be  wandering  out  of  the  department  of  genen 
to  inquire  what  constitutes  the  ring  or  tone  peculiai 
rent  bodies,  such  as  stones,  wood,  metals,  organize 
etc.,  whose  properties  lie  ^within  the  scope  of  concrete 
But,  if  wx  regard  this  quality  as  capable  of  modifi< 
changes  of  circumstances,  then  we  bring  it  into  th( 
of  acoustics,  and  recognize  its  proper  ix)sition,  th 
know  nothing  else  about  it.  That  part  of  the  science 
a  mere  void. 

The  three  parts  referred  to  are,  first,  the  mode  of 
tion  of  somids :  next,  their  degree  of  intensity ;  am 
their   musical  tone.      Of  these  departments,  the 
that  of  which  our  knowledge  is  most  imperfect. 


SECTION  L 
PROPAGATION   OF   SOUND. 

As  to  the  first,  the  propagation  of  sound,  the 
simplest,  most  interesting,  and  best  known  ques-  ^ 
tion  is  the  measurement  of  the  duration,  espe- 
cially when  the  atmosphere  is  the  medium.  Newto 
ated  it  very  simply,  apart  from  all  modifying  causi 
tlic  velocity  of  sound  is  that  acquired  by  a  gravital 
falling  from  a  height  equal  to  half  the  weight  of  t 
sphere, — supi)osing  the  atmosphere  homogeneous, 
analogous  way,  we  may  calculate  the  velocity  of 
tlic  different  gases,  according  to  their  rcsijcctive  den 
elasticities.     By  this  law  the  speed  of  sound  in  the 
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be  Hoarded  as  independent  of  atmospbcric  vicissitudes^  since^ 
by  Mariotte's  rules,  the  density  and  elasticity  of  the  air  al- 
ways vaiy  in  proportion ;  and  their  mutual  relation  alone  in- 
>  fluences  the  velocity  in  question.  Of  Laplace's  rectification 
of  Newton's  formulay  we  took  notice  just  now. — One  impor- 
tant result  of  this  law  is  the  necessary  identity  of  the  velocity 
of  diffeient  sounds,  notwithstanding  their  varying  d^rees  of 
intensity  or  of  acutcness.  If  any  inequality  existed,  we  should 
be  able  to  establish  it,  firom  the  irr^;ularity  which  must  take 
place  in  musical  intervals  at  a  certain  distance. 
Effect  of  a^  All  mathematical  calculations  about  the  vdo- 

moqpherio  city  of  sound  suppose  the  atmosphere  to  be  mo* 
agitation.  tionlcss,  cxccpt  in  regard  to  the  vibrations  under 
notice,  and  it  is  one  of  the  interesting  points  of  the  case  to 
ascertain  what  effect  is  produced  by  agitations  of  the  air.  The 
result  of  experiments  for  this  purpose  is  that,  within  the  limits 
of  the  common  winds,  there  is  no  perceptible  effect  on  the 
velocity  of  sound  when  the  direction  of  the  atmospheric  cur- 
rent is  perpendicular  to  that  in  which  the  sound  is  propa- 
gated ;  and  that  when  the  two  directions  coincide,  the  velocity 
is  slightly  accelerated  if  the  directions  agree,  and  retarded  if 
they  are  opposed :  but  the  amount  and,  of  course,  the  law  of 
this  slight  perturbation  are  unknown. — It  is  only  in  regard 
to  the  air  that  the  velocity  of  sound  has  been  effoctuisdly 
studied. 

SECTION  n. 

INTENSITY    OP   SOUNDS. 

We  cannot  pretend  to  be  any  wiser  about  the 
JjJ^JjJ^^  ^^  intensity  of  soimds, — ^which  is  the  second  part  of 
acoustics.  Not  only  have  the  phenomena  ne\er 
been  analysed  or  estimated,  but  the  labours  of  the  student 
have  added  nothing  essential  to  the  results  of  popular  expe- 
rience about  the  influences  which  regulate  the  intensity  of 
sound;  such  as  the  extent  of  vibrating  surfaces,  the  distance 
of  the  resonant  body,  and  so  on.  Tliese  subjects  have  there- 
fore no  right  to  figure  in  our  programmes  of  physical  science ; 
and  to  expatiate  upon  them  is  to  misconceive  the  character  of 
science,  which  can  nc\'cr  be  anything  else  than  a  special  car* 
rjring  out  of  universal  reason  and  experience,  and  which  there- 
fore has  for  its  starting-point  the  aggregate  of  the  ideas  spoB- 
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tancously  acquired  by  the  generality  of  men  in  regard  to  t 
subjects  in  question.  If  we  did  but  attend  to  this  truth,  ; 
should  simplify  our  scientific  expositions  not  a  little,  by  stri 
ping  them  of  a  multitude  of  superfluous  details  \rhich  oiiljr  o 
scure  the  additions  that  science  is  able  to  make  to  the  fund 
mental  mass  of  human  knowledge. 

With  regaurd  to  the  intensity  of  sound,  the  only  scientil 
inquiry, — a  very  easy  one, — which  has  been  aocomjilishcd,  r 
lates  to  the  effect  of  the  density  of  the  atmosphene  media 
on  the  force  of  sounds.  Here  acoustics  confirms  and  explaii 
the  common  obscn-ation  on  Uie  attenuation  of  sound  in  pn 
portion  to  the  rarity  of  Uie  air,  ^rithout  informing  us  whethi 
the  weakening  of  the  sound  is  in  exact  proportion  to  the  ran 
feu^on  of  the  medium,  as  it  is  natural  to  suppose.  In  m 
opinion,  we  know  nothing  yet  of  a  matter  usually  understoc 
to  be  settled, — the  mode  of  decrease  of  sound,  in  proportio 
to  the  distance  of  the  sounding  body;  as  to  which  scien( 
has  added  nothing  to  ordinary  experience.  It  is  common] 
supposed  that  the  decrease  is  in  an  inverse  ratio  to  the  squai 
of  the  distance.  Tliis  would  be  a  very  important  law  if  ^ 
could  establish  it :  but  it  is  at  present  only  a  conjecture;  an 
I  prefer  admitting  our  ignorance  to  attempting  to  conceal 
scientific  void,  by  arbitrarily  extending  to  this  case  the  mathi 
matical  formula  which  belongs  to  gravitation.  A  natural  pr< 
judicc  may  dispose  us  to  find  it  again  here ;  but  we  have  n 
proof  of  its  presence. 

It  woidd  be  strange  if  we  had  any  notion  of  the  law  of  tl 
case,  when  we  have  not  yet  any  fixed  ideas  as  to  the  way  i 
which  intensity  of  sound  may  be  estimated;  nor  even  ] 
to  the  exact  meaning  of  the  term.  Wc  have  no  instrumei 
which  can  fulfil,  vnth  regard  to  the  theory  of  sound,  the  san 
office  as  the  pendulum  and  the  barometer  with  regard  i 
gravity,  or  the  thermometer  and  electrometer  with  n^ard  i 
heat  and  electricity.  We  do  not  even  discern  any  de 
principle  by  which  to  conceive  of  a  sommeter.  Wliile  tl 
science  is  m  this  state,  it  is  much  too  soon  to  hazard  ai 
numerical  law  of  the  variations  in  intensity  of  sound. 
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SEcnoK  m. 

THEORY  OF   TONES. 

The  third  department  of  acoustics^ — the  theory 
^^^^**^      of  tones, — is  by  far  the  most  interesting  and 

satisfactory  to  us  iu  its  existing  state. 
TIic  laws  which  determine  the  musical  nature  of  different 
sounds,  that  is,  their  precise  degree  of  acuteness  or  gravity, 
marked  by  the  number  of  %ibrations  executed  in  a  given  time, 
arc  accurately  known  only  in  the  elementary  ease  of  a  series 
of  linear,  e\'cn  rectilinear,  vibrations  produeoi  either  in  a  me- 
tallic rod,  fixed  at  one  end  and  free  at  the  other,  or  in  a  co- 
lumn of  air  filling  a  very  narrow  cylindrical  pipe.     It  is  by  a 
combination  of  experiment  and  of  mathematical  theory  that 
this  case  is  understood.     It  is  the  most  important  for  the 
analysis  of  the  commonest  inorganic  instruments,  but  not  for 
the  study  of  the  mechanism  of  hearing  and  utterance.    With 
regard  to   stretched  chords,   the  established   mathematical 
theory  is  that  the  number  of  \ibrations  in  a  given  time  is  in 
the  durect  ratio  of  the  square  root  of  the  tension  of  the  chords 
and  in  the  inverse  ratio  of  the  product  of  its  length  by  its 
thickness.     In  straight  and  homogeneous  metallic  rods  this 
number  is  in  proportion  to  the  relation  of  tlieir  thickness  to 
the  square  of  their  length.     This  essential  difference  between 
the  laws  of  these  two  kinds  of  vibrations  is  owing  to  the 
flexibility  of  the  one  sounding  body  and  the  rigidity  of  the 
otiicr.     Obscnation  pouited  it  out  first,  and  especially  witli 
regard  to  the  effect  of  thickness.     Tliese  laws  relate  to  ordi- 
nary vibrations,  which  take  place  transversely ;  but  there  arc 
vibrations  in  a  longitudinal  direction  much  more  acute,  which 
are  not  affected  by  thickness,  and  in  which  the  difference  be- 
tween strings  ana  rods  disappears,  the  vibrations  varying  re-  i 
eiprocally  to  the  length ;  a  result  which  might  be  antici^)atct1  m 
from  the  inextcnsibility  of  the  string  being  equivalent  to  the  I 
rigidity  of  the  kkI.  A  third  order  of  vibrations  arises  from  the 
tv\'isting  of  metallic  rods,  when  the  direction  becomes  more  or 
less  oblique.     It  ought  to  be  observed  however  that  recent  ex- 
periments have  shown  that  these  three  kinds  arc  not  radically 
distinct,  as  they  can  l)e  mutually  tnuisfomied  by  var}ing  the 
direction  in  which  the  sounds  arc  proi>agatcd.     As  for  the 
sounds  yielded  by  a  slender  column  of  air,  the  number  of 
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vibrations  is  in  inverse  proportion  to  the  length  of  each  o 
lumn^  if  the  mechanical  state  of  the  air  is  undisturbed :  othe 
wise,  it  varies  as  the  square  root  of  the  relation  between  t1 
chisticity  of  the  air  and  its  density.  Henceit  is  tliat  chang 
of  temperature  which  alter  this  relation  in  the  same  directu 
have  here  an  action  absolutely  inverse  to  that  which  they  pr 
duce  on  strings  or  rods :  and  thus  it  is  explained  by  aoousti 
why  it  is  impossible,  as  mudciaus  have  always  found  it, 
maintain  through  a  changing  temperature  the  harmony 
first  established  between  stringed  and  wind  instruments. 

Thus  far  the  resonant  line  has  been  supposed  to  vibra 
through  its  whole  length.  But  if,  as  usually  happens,  tl 
slightest  obstacle  to  the  vibrations  occurs  at  any  point,  tl 
sound  imdcrgoes  a  radical  modification,  the  law  of  whi( 
could  not  have  been  mathematically  discovered,  but  has  bo 
clearly  apprehended  by  the  great  acoustic  cxperimentalii 
Sauvcur.  He  has  established  that  the  sound  produced  c 
incidcs  with  that  which  would  be  yielded  by  a  similar  b 
shorter  chord,  equal  in  length  to  that  of  the  greatest  oomm< 
measure  between  the  two  parts  of  the  whole  string.  Tlie  sax 
discovery  explains  another  fundamental  law,  which  we  owe 
the  same  philosopher, — ^that  of  the  scries  of  harmonic  soun 
which  always  accompanies  the  principal  sound  of  evcir  res 
uant  string,  their  acutcness  increasing  with  the  natural  seri 
of  whole  numbers ;  the  truth  of  whidi  is  easily  tested  bj 
delicate  car  or  by  experiment.  The  phenomenon  is,  if  n 
explained,  exactly  represented  by  referring  it  to  the  pi 
ceding  case;  though  we  cannot  conceive  how  the  spontaneo 
dinsion  of  the  string  takes  place^  nor  how  so  many  vibrato 
motions,  so  nearly  simultaneous,  agree  as  they  do. 

Tlicse  are  the  laws  of  simple  sounds.  Of  the 
important  theory  of  the  composition  of  sounds  Sf*iSS2^ 
we  have  yet  very  imperfect  notions.  It  is  sup-  ***™ 
posed  to  be  indicated  by  the  experiment  of  the  musician  Tj 
tini,  with  regard  to  resulting  sounds.  He  showed  that  t 
precisely  simultaneous  production  of  any  two  sounds,  sui 
ciently  marked  and  intense,  occasions  a  ^single  sound,  grai 
than  the  otlicr  two,  according  to  an  invariable  and  sim] 
rule.  Interesting  as  this  fact  is,  it  relates  to  physiology,  a 
not  to  acoustics.  It  is  a  phenomenon  of  the  nencs;  a  sort 
normal  hallucination  of  the  sense  of  hearing,  analogous 
optical  illusions.  ""  ^^ 
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The  vibrations  ol  resonant  surfaces  have  exhibited  some 
cnrious  phenomena  to  observation^  though  the  mathematical 
theoiy  of  the  case  is  still  in  its  infancy :  and  M.  Savart's  ob- 
servations on  the  vibratory  motions  of  stretched  membranes 
must  cast  much  light  on  the  auditory  mechanism^  in  regard 
to  the  effects  of  degrees  of  tension^  the  hygrometrical  state^ 
etc. 

The  study  of  the  most  general  and  most  complicated  case, 
that  of  a  mass  which  vibrates  in  three  dimensions^  is  scarcely 
begun,  except  with  some  hollow  and  n^ular  solids.  Yet  this 
analysis  is  above  all  important,  as  without  it  it  is  clearly  im- 
possible to  complete  the  explanation  of  any  real  instrument ; 
even  of  those  in  which  the  principal  sound  is  produced  by 
simple  lines,  the  vibrations  of  which  must  always  be  more  or 
less  modified  by  the  masses  which  are  connected  with  them. 
We  may  say  that  the  state  of  acoustics  is  such  that  we  cannot 
explain  the  fundamental  properties  of  any  musical  instniment 
whatever.  Daniel  BcmouiUi  worked  at  the  theory  of  wind 
instruments;  a  subject  which  may  appear  very  simple,  but 
wliich  really  requires  the  highest  perfection  of  the  science, 
even  putting  aside  those  extraordinary  effects,  far  transcend- 
ing scientific  analysis,  which  the  art  of  a  musician  may  obtain 
from  any  instrument  whatever,  and  restricting  ourselves  to 
influences  which  may  be  clearly  defined  and  durably  charac- 
terized. 

Imperfect  as  is  our  review  of  Acoustics,  I  hope  we  now  un- 
dcrstaud  something  of  its  general  character,  the  importance 
of  its  laws,  as  far  as  we  know  them,  the  connection  of  its  parts, 
the  development  that  they  have  obtained,  and  the  intervals 
which  are  left  void,  to  be  fiUcd  up  by  future  knowledge. 
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OPTICS. 

The  emancipation  of  natural  philosophy  from  tl 
and  metaphysical  influence  has  thus  far  gone  on  1 
of  a  succession  of  partial  efforts,  each  isolated  in  i 
though  all  converging  to  a  final  end,  amidst  the 
entire  unconsciousness  of  those  who  were  bring-  ^ 
ing  that  result  to  pass.  Such  an  incoherence  Li| 
is  a  valua1)le  evidence  of  the  force  of  that  in- 
stinct which  universally  characterizes  modem  intc 
but  it  is  an  cxH,  in  as  far  as  it  has  retarded  and  cm) 
and  even  introduced  hesitation  into  the  course  of  01 
tion.  No  one  having  hitherto  conceived  of  the  pos 
losophy  as  a  whole,  and  the  conditions  of  positivity  n< 
been  analysed,  much  less  prescril)ed,  witn  the  mod 
appropriate  to  different  onfers  of  researches,  it  lias 
that  the  founders  of  natural  philosophy  have  remair 
theological  and  metaphysical  influences  in  all  dcimrtu 
tljc  one  in  ^liidi  thcv  wnv  workiiiir,  even  while  t 
klMHirs  wviv  iircpariiifr  the  over  tli  row  of  thof^  in  flue 
is  ecitain  tlmt  no  thinker  has  apprtiachcd  Descartc 
clean  I  tins  autl  eom|ileteiiess  uith  which  he  apprelie 
true  elmracter  of  mfMleru  pliilosophy  i  no  oac  cxc 
intentionally  an  action  so  dircetj  L*xtensivc,  and  eff 
tljis  transformatioji^  tluvngh  tlic  action  nii^^ht  l>e  tr 
antl  no  one  wns  m  imleivendent  of  the  spirit  of  his  ci 
ranes ;  yet  Descaile^,  wlio  oveillirt^w  the  whole  aneic 
sopljy  about  inorganic  i>henonicna,  ami  the  physici 
nuua  of  the  organic,  \^as  let!  away  }>y  the  tciKlcn'cy  C 
in  a  cauti'aRMlirection,  when  Ije*stmve  to  put  new* 
the  tjld  tljeologieal  and  nK'taj*lnsieal  couci^ptions  of  t 
nature  of  man.  If  it  was  so  w  ith  Deaeartes,  who  is  o 
cliief  types?  of  the  progress  of  the  general  devclopmci 
manity,  wc  cannot  l)e  surprised  that  men  of  a  mo: 
genius,  who  have  1>cen  o*^'eupied  rather  with  the  dcv 
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of  science  than  of  the  human  mind^  should  have  followed  a 
metaphysical  direction  in  some  matters^  while  in  others  not 
very  remote  they  have  manifested  the  true  podtive  spirit. 

These  observations  are  particularly  applicable  to  the  philo- 
sophical history  of  Optics, — ^the  department  of  Physics  in 
which  an  imperfect  positivism  maintains  the  strongest  con- 
sistence,— chiefly  through  the  mathematical  labours  which  arc 
eoimectcd  with  it.  The  foimders  of  this  science  arc  those  who 
have  done  most  towards  laying  the  foundations  of  the  Positive 
Philosophy, — Descartes,  Huyghens,  and  Ne^'ton;  yet  each 
one  of  them  was  led  away  by  the  old  spirit  of  the  araolute  to 
create  a  chimerical  hypothesis  on  the  nature  of  light.  That 
Ne^^ton  should  have  done  this  is  the  most  remarkable,  con- 
sidering how  his  doctrine  of  grantation  had  raised  the  concep- 
tion of  modem  philosophy  above  the  point  at  which  Descartes 
had  left  it,  by  establishing  the  radical  inanity  of  all  research 
into  the  nature  and  mode  of  production  of  phenomena,  and  by 
sliowing  that  the  great  end  of  scientific  eflbrt  is  the  reduction 
of  a  system  of  particular  facts  to  one  singular  and  general  fact. 
Newton  himself,  whose  favourite  saying  was, ''  O !  Physics,  be- 
ware of  Metaphysics !''  allowed  himsdf  to  be  seduced  by  old 
habits  of  philosouhizing  to  personify  light  as  a  substance  dis- 
tinct from  and  iudc|)eudcnt  of  the  luminous  body :  a  conception 
as  metaphysical  as  it  would  have  been  to  imagine  gravity  to 
have  an  existence  separate 'from  that  of  the  grantating  body. 

After  what  has  l)ecn  said  about  the  philosophical  thcoi^  of 
hypotheses,  there  can  be  no  occasion  to  expose  the  fictitious 
character  of  the  respective  doctrines  of  philosophers  on  the  na- 
ture of  light.  Each  one  has  exposed  the  untcnablcncss  of  those 
of  others ;  and  each  explorer  has  confined  himself  to  the  evi- 
dence which  favoured  his  own  conception.  Euler  brought  fatal 
objections  against  the  doctrine  of  emission ;  yet,  at  the  present 
day,  our  instnictora  conceal  the  fact  that  the  advocates  of  the 
emission  doctrine  have  offered  equally  fatal  objections  to  that 
of  undulations.  To  take  the  most  simple  instance — Has  the 
fact  of  propagation  in  all  directions,  characteristic  of  the  vi- 
bratory motion,  ever  been  reconciled  with  the  common  pheno- 
menon of  night ;  that  is,  of  darkness  produced  by  the  inter- 
position of  ail  opaque  body?  Does  not  the  ftindamental  ob- 
jection of  the  Newtonians  about  this  matter  hold  its  ground 
a^iiist  the  system  of  Descartes  and  Huyghens,  untoudied  at 
this  hour  as  it  was  above  a  century  ago,  after  all  the  subtcr- 
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Aiges  that  have  been  in  use  ever  since?  The  case  is 
clearer  by  the  fact  that  there  arc  phenomena  which  tl 
theories  will  suit  equally  well.  If  the  laws  of  rcflcctii 
refraction  issue  with  equal  case  from  the  hypotheses  of 
sion  and  imdulation,  it  is  pretty  clear  that  our  business  i 
the  laws,  and  not  with  the  hypotheses.  Tlie  mathcE 
la1x>urs  exi)ended  on  the  opposite  theories  will  not  hav 
thronTi  away;  they  will  show^  in  a  very  short  time,  th 
analytical  apparatus  is  no  certain  instrument  of  truth 
has  ser^'ed  the  purpose  of  both  hypotheses  equally  well 
would,  quite  as  easily,  of  many  others,  if  the  progress  o 
tivity  was  not  excluding,  more  and  more,  this  vicious  n 
of  philosophizing.  It  is  true,  the  most  enlightened  adi 
of  both  systems  are  ready  to  give  up  the  rodity  of  en 
and  of  undulation,  and  hold  to  them  only  as  a  matter  o 
cal  convenience, — as  a  rallying-point  of  ideas.  But  if  i 
pass  from  the  one  hyix)thesis  to  the  other  without  afl 
the  science  at  all,  it  is  clear  that  such  an  artifice  is  ne 
We  must  admit,  as  we  before  said,  that  the  combinat 
scientific  ideas  would  be  extremely  difficult  to  minds  t 
under  the  prevalent  habits  of  thought,  if  they  were  su( 
deprived  of  such  a  mode  of  connection  as  they  here  a 
for;  but  it  is  not  the  less  true  that  the  next  genera 
scientific  thinkers  would  combine  their  ideas  more  easil 
much  more  perfectly,  if  they  were  trained  to  regard  d 
the  relations  of  phenomena,  without  being  troubl(^  by  a 
like  tliesc,  which  only  obscure  scicntitie  realities. 

Tlie  history  of  Optics,  regarded  as  a  whole,  seems  U 
that  these  hypotliescs  have  not  sensibly  aided  the  prog 
the  thcorj'  of  light,  since  all  our  important  acquisition 
been  entirely  independent  of  them.  Tliis  is  true  not  i 
the  laws  of  reflection  and  refraction,  which  were  disc 
before  these  hypotheses  were  created,  but  with  regard 
the  other  leading  truths  of  Optics.  Tlie  hypothesis  of  en 
no  more  suggested  to  Ncii'ton  the  notion  of  the  uneqi 
frangibility  of  tlie  diflercnt  colours,  than  that  of  undi 
disclosed  to  Huyghens  the  law  of  double  reftiiction  nn 
certain  substances.  Great  discoverers  like  these  oba 
connection  of  facts,  and  then  create  a  hypothesis  to  a 
for  the  connection ;  and  then  those  who  come  after  thei 
elude  that  the  chimerical  conceptions  must  be  insej 
from  the  immortal  discoveries.     There  is  a  use,  as  J 
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iDefore  asserted,  in  these  imaginary  conceptions,  which,  in  re- 
gard to  their  one  function,  are  indisp(^nsable.  They  sen^e, 
transiently,  to  develope  the  scientific  spirit  by  carrying  us  over 
firom  the  metaphysiod  to  the  positive  svstem.  They  can  do 
this  and  nothing  more,  and  they  accomplished  their  task  some 
time  ago.  Tlidr  action  can  henceforth  be  only  injurious,  and 
especially  in  the  case  of  Optics,  as  any  one  may  see  who  will 
inquire  into  the  state  of  this  science, — ^particularly  since  the 
almost  universal  adoption  of  the  undulatory  in  the  place  of 
the  emissive  system. 

ExcetsiTe  ten-  One  more  error  must  be  noticed  before  we 
dencytovyt-  leave  the  subject  of  the  unscientific  pursuit  of 
tcroatiie.  Optics.   Some  enlightened  students  imagine  that 

the  science  acquires  a  satisfactory  rationality  by  being  at- 
tached to  the  fundamental  laws  of  universal  mechanics.  The 
emission  doctrine,  if  it  means  anything,  must  suppose  lumi- 
nous phenomena  to  be  in  analogy  with  those  of  ordinary  mo- 
tion ;  and  if  the  doctrine  of  undulation  means  anything,  it 
means  that  the  phenomena  of  light  and  sound  are  alike  in 
their  vibratory  agitation ;  and  thus  the  one  party  likens  optics 
to  barology  and  the  other  to  acoustics.  But  not  only  is  no- 
tliing  gained  by  the  supposition,  but  if  either  was  the  case, 
there  would  be  no  room  for  imagination  or  for  argument. 
The  comicction  would  be  at  once  apparent  to  all  eyes  on  the 
simple  new  of  the  phenomena.  Such  a  reference  of  pheno- 
mena to  those  general  laws  has  never  been  a  matter  of  ques- 
tion or  of  conjecture.  The  only  difficulty  has  been  to  know 
those  laws  well  enough  to  admit  of  the  application.  No  one 
doubted  the  mechanical  nature  of  the  principal  efTects  of 
gravity  and  sound  long  before  the  progress  of  rational  dy- 
namics admitted  of  their  exact  analysis.  The  application 
powerfidly  tended,  as  we  have  seen,  to  the  perfecting  of  ba- 
rology and  acoustics;  but  this  was  precisely  because  there  was 
nothing  forced  or  hy^iothctical  about  it.  It  is  otherwise  \nih 
Optics.  Notwithstanding  all  arbitrary  suppositions,  the  phe- 
nomena of  light  will  always  constitute  a  category  9ui  generis, 
necessarily  irreducible  to  any  other :  a  light  will  be  for  ever 
f*heterogeneous  to  a  motion  or  a  sound. 

Again,  physiological  considerations  discredit  tliis  confiision 
of  ideas,  by  the  characteristics  which  distinguish  the  sense  of 
sight  from  those  of  hearing,  and  of  touch  or  pressure.  If  we 
could  alx>lish  such  distinctions  as  these  by  gratuitous  hypo- 
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theses,  there  is  no  saying  where  we  should  stop  in  on: 
derings.  A  chemical  philosopher  might  make  a  type 
senses  of  taste  and  smeU,  and  proceed  to  explain  colon 
tones  by  likening  them  to  flavours  and  scents.  It  d< 
require  a  wilder  imagination  to  do  this,  than  to  issi 
supposition,  now  become  classical,  that  sounds  and  colo 
radically  alike.  It  is  much  better  to  leave  such  a  pm 
sdcntific  unity,  and  to  admit  that  the  categories  of  hel 
noons  phenomena  arc  more  numerous  tlian  a  ncious  sy 
tizing  tendency  would  suppose.  Natural  philosophy 
no  doubt  be  more  perfect  if  it  were  otherwise;  but  co-< 
tion  is  of  no  use  unless  it  rests  on  real  and  fiindameut 
milation. — Phvsicists  must  then  abstain  from  fanciful] 
nccting  the  phenomena  of  light  and  those  of  motioi 
that  Optics  can  admit  of  mathematical  treatment  is  w 
lation,  not  to  mechanics,  but  to  geometry,  which  is  em 
applicable  to  it,  from  the  cndently  geometrical  chara 
the  principal  laws  of  light.  The  only  case  in  which  we  a 
ceivc  of  a  direct  application  of  analysis  is  in  certain  opt 
searclies  in  which  observation  would  immediately  funiis 
numerical  relations :  and  in  no  case  must  the  positive 
of  light  give  place  to  a  dynamical  analysis.  Tlicse  are  t 
directions  in  which  geometers  may  aid  the  progress  of  < 
science,  which  they  have  only  too  effectually  impeded  1 
loiigiug  the  influence  of  anti-scientific  hypotheses  t 
inappropriate  and  ill-conceived  analyses. 

The  genius  of  Fourier  released  us  from  the  neoessitj 
plying  the  doctrine  of  hypotheses,  as  previously  laid  d( 
the  case  of  therraology :  and  neither  barology  nor  aeons 
quii'cd  it.  As  to  electrology,  there  arc  abundance  of 
rical  conceptions  preponderant  in  that  department :  bi 
absurdities  are  so  obvious,  that  almost  all  their  advoca 
knowledge  them.  It  is  in  Optics  that  the  plausibili 
consistence  of  such  chimeras  give  them  the  most  impoi 
and  I  have  therefore  chosen  that  department  as  the  gro 
which  they  should  be  judged. 

We  M'ill  now  pass  from  these  useless  hypotheses  to  tl 
knowledge  that  we  are  in  possession  of  about  the  th 
light.  The  Mhole  of  Optics  is  naturally  dinded 
into  four  departments,  as  light,  whether  homo-  5^ 
gcncous  or  coloured,  is  direct,  reflected,  refracted,  *^ 
or  diffracted.     These  clcmcntaiy  effects  usually  co-e 
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ordinary  phenomena ;  but  they  are  distinct,  and  must  there- 
fore be  separately  considered.  These  four  parts  comprehend 
all  optical  phenomena  which  are  rigorously  universal.;  .but  we 
must  add,  as  an  indispensable  complement,  two  other  sections, 
relating  to  double  refraction  and  polarization.  These  orders 
of  phenomena  are  proper  to  certain  bodies ;  but,  besides  that 
they  are  a  remarkable  modification  of  fundamental  phenomena, 
they  appear  in  more  and  more  bodies,  as  the  study  proceeds, 
and  their  conditions  refer  more  to  general  circumstances  of 
structure  tlian  to  incidents  of  substance.  For  these  reasons 
they  ought  to  be  exactly  analysed.  As  for  the  rest,  it  is  not 
our  business  to  classify  the  application  of  these  six  depart- 

ments  either  to  natural  history,  as  in  the  bcauti- 
^2™^*         fill  Newtonian  theory  of  the  rainbow,  or  to  the 

arts,  as  in  the  analysis  of  optical  instruments. 
"These  applications  serve  as  the  best  measure  of  the  degree  of 
perfection  of  the  science ;  but  they  do  not  enter  into  the  field 
of  optical  philosophy,  with  which  alone  we  are  concerned. 
^^^^  For  the  same  reasons  which  have  led  us  to 

^^  condemn  theories  of  hearing  and  utterance,  in 

connection  with  Physics,  we  must  now  refuse  to 
include  among  optical  phenomena  the  theory  of  vision,  which 
certainly  belongs  to  physiology.  \Mien  physicists  undertake 
the  study  of  it,  they  bring  oidy  one  of  the  special  qualifica- 
tions necessary,  being  otherwise  on  a  level  with  the  multi- 
tude ;  and,  however  important  their  one  qualification  may  be, 
it  cannot  fulfil  all  the  conditions.  It  is  in  consequence  of  so 
many  conditions  being  unfulfilled,  that  the  explanations  hi- 
therto oflcrcd  have  been  so  incomplete,  and  therefore  illu- 
sory. Tliere  is  scarcely  a  single  law  of  vision  which  can  be 
regarded  as  established  on  a  sound  basis,  even  where  the  sim- 
plest and  commonest  phenomena  are  in  question.  The  ele- 
mentary faculty  of  seeing  distinctly  at  unequal  distances  re- 
mains without  any  satisfactory  explanation,  though  physicists 
have  attempted  to  refer  it  to  almost  every  part  of  the  ocular 
apparatus  in  succession.  This  humbluig  ignorance  is  no  doubt 
owing  to  scientific  men,  both  physiologists  and  physicists, 
having  left  the  theory  of  sensations  in  the  hands  of  the  meta- 
physicians, who  have  got  nothing  out  of  it  but  some  deceptive 
ideology :  but  before  this  time  we  should  liave  approached  to 
something  like  positive  solutions,  but  for  the  bad  oi^aiiixa- 
tion  of  scientific  labour  among  us.   If,  from  the  time  of  tlicse 
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questions  beginning  to  assume  a  positive  character, 
and  physiologists  had  occupied  themselves  uith  i 
vision  grounded  on  the  materials  furnished  by  Optii 
instead  of  looking  to  physicists  for  solutions  which 
not  furnish,  our  condition  in  regard  to  tliis  import 
lyould  be  somewhat  less  deplorable  than  it  is. 

Another  study  wliich  must  be  excluded  from 
Optics,  and  from  all  natural  philosophy,  is  the  j 
theory  of  the  colour  of  bodies.  I  need  not  ex- 
plain that  I  am  not  referring  to  the  admirable  Nev 
pcrimcnts  on  the  decomposition  of  light,  whicli  ha 
a  fundamental  idea,  common  to  all  the  departmcnti 
I  refer  to  tlie  attempts  made  to  ascertain,  now  tl 
theory  of  emission,  and  now  through  that  of  undi 
inexplicable  primitive  phenomenon  of  tlie  elcmcnl 
proper  to  every  substance.  Tlie  so-called  explanati 
the  supposed  faculty  of  reflecting  or  transmitting 
such  a  kind  of  rays,  or  of  excitmg  such  and  such  i 
ethereal  vibrations,  in  virtue  of  certain  supposed  an 
of  the  molecules,  arc  more  difScult  to  conceive  thi 
itself,  and  are,  in  truth,  as  absurd  as  the  cxplan; 
l^Ioliere  puts  into  the  mouth  of  liis  metaphysical  d 
is  lamentable  that  wc  should  have  such  comments 
these  days.  Nobody  now  tries  to  explain  the  spec 
proper  to  any  substance  or  structure :  and  why 
attempt  it  with  regard  to  specific  colour,  which 
primitive  an  attribute  ? — ^In  physiology,  tiic  consi 
colours  is  of  high  importance,  in  connection  wit 
ory  of  vision ;  and  in  natural  history,  it  may  pro 
means  of  classification :  but,  in  optics,  tlic  object 
theory  of  colours  is  merely  to  perfect  the  analysis 
as  to  estimate  the  influence  of  structure  or  other  ci 
npon  transmitted  or  reflected  colour,  ii^-ithout  en 
the  causes  of  specific  colouring.  The  field  of  inq 
enough,  without  any  such  illusory  research  as  this, 


SECTION  L 
STUDY   OP   DIRECT    UGHT. 


Tlie 
so  called 


first  department  is  that  of  Optics,  properly 
id,  or  the  study  of  direct  light.     ITiis  and 
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catoptrics  ate  the  only  part  of  the  science  cultivated  by  the  an- 
cients ;  but'  this  branch  is  as  old  as  the  knowledge  of  the  law  of  . 
the  rectilinear  propagation  of  light  in  every  homogeneous  me- 
dium. Tliis  primary  law  makes  purely  geometrical  questions  of 
problems  relating  to  the  theory  of  shadows;  questions  difficult 
to  manage  in  many  cases,  but  not  in  the  most  important^ — 
those  of  very  distant  luminous  bodies,  or  bodies  of  extremely 
small  dimensions.  The  theory  depends,  both  for  the  shadow 
and  the  penumbra,  on  the  determination  of  an  extensible  sur- 
face, circumscribed  at  once  by  the  luminous  and  the  illumi- 
nated body. — ^Whatever  its  real  antiquity  may  be,  this  first 
part  of  Optics  is  still  very  imperfect,  regarded  from  the  second 
T  .w«ju^-  point  of  view ;  that  is,  \i-ith  regard  to  the  laws  of 
impcrfcctionB.  ^^^  intensity  of  light,  or  what  is  called  phottme^ 
try.  Important  as  it  is  to  have  a  clear  knowledge,  our  notions 
are  as  yet  either  vague  or  precarious  as  to  how  the  intensity 
of  light  is  modified  by  such  circumstances  as  its  direction, 
whether  emergent  or  incident;  its  distance;  its  absorption  by 
the  medium ;  and,  finally,  its  colour. 

We  are  met  by  a  grand  difficulty  at  the  outset, 
o™  7-  Wg  }^ayg  nQ  photometrical  instruments  that  can 
be  depended  on  for  enabling  us  to  verify  our  conjectures  on 
the  diflcrent  modes  of  gradation  of  light.  All  our  photome- 
ters rest  on  a  sort  of  \icious  circle,  being  devised  in  accord- 
ance %nth  the  laws  which  they  are  destined  to  verify,  and  ge- 
nerally according  to  the  most  doubtful  of  all,  in  virtue  of  its 
metaphysical  origin, — that  which  relates  to  distance.  We 
have  called  light  an  emanation;  have  calculated  its  intensity 
by  the  square  of  its  distance ;  and  then,  without  confirming 
this  conjecture  by  any  experiment  whatever,  we  have  proceeded 
to  found  the  whole  of  photometry  upon  it.  And  when  this 
conjecture  was  replaced  by  that  of  imdulations,  we  accepted 
the  same  photometry,  neglecting  the  consideration  that  it 
must  require  rcxision  firom  its  very  basis.  It  is  clear  what 
our  present  ])hotometry  must  be,  after  such  treatment  as  this. 
The  law  relating  to  direction,  in  the  ratio  of  the  sine  of  the 
angle  of  emergence  or  of  incidence,  is  no  better  demonstrated 
than  that  of  distance,  though  it  comes  from  a  less  suspicious 
source.  It  has  nothing  about  it  at  present  like  Fourier's  la- 
bours on  radiating  heat;  and  yet  it  seems  as  if  it  would  admit 
of  an  analogous  mathematical  elaboration.  The  only  part  of 
photometry  which  has,  as  yet,  any  scientific  consistency  is  the 
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mathemattical  theory  of  gradual  absorption  of  ligh 
medium.  Bougucr  and  I^mbcrt  have  given  us  some 
,ing  knowledge  about  this :  but  even  here  we  are  on 
.  ground^  for  want  of  precise  and  unquestionable  exp 
^A^ain,  the  photometrical  influence  of  colour  has 
subject  of  some  exact  observations;  but  we  are  m 
possession  of  general  and  precise  conclusions,  unless 
fixing  of  the  maximum  of  brightness  in  the  middi 
solar  spectrum.  Thus,  to  sum  up,  in  this  first,  ol( 
simplest  department  of  optics,  philosophers  have  scai 
stripped  popular  obsen^ation, — ^leaving  out  what  Ix 
geometry,  and  the  measurement  of  die  velocity  of  tl 
gation  of  light,  which  is  furnished  by  astronomy. 

SECTION  n. 

CATOPTRICS. 

It  is.  otherwise  with  regard  to  catoptrics,  and  y 
dioptrics,  if  we  discard  questions  about  the  first  caui 
flection  and  refraction.  Scientific  studies  have  hu 
tended  and  perfected  universal  ideas  about  those  two 
general  phenomena;  and  the  varied  cflects  belonging 
are  now  rcfeiTcd  ^vith  great  precision  to  a  very  smal 
of  uniform  laws,  of  remarkable  simplicity. 

The  fundamental  law  of  catoptrics,  well  known 
by  the  ancients,  and  abundantly  confirmed  by  ex-  ^ 
pcrment,  is  that  whatever  may  be  the  form  and 
nature  of  the  reflecting  body,  and  the  colour  and  ini 
the  light,  the  angle  of  reflection  is  always  equal  to  i 
of  incidence,  and  in  the  same  normal  plane.  Under 
the  analysis  of  the  effects  produced  by  all  kinds  of  i 
reduced  to  simple  geometrical  problems,  which  mi{ 
true,  involve  some  long  and  difficult  calculations,  aco 
the  forms  of  some  bodies,  if  it  were  not  usually  sul 
examine  the  simple  forms  of  the  plane,  the  sphere 
most,  the  circular  cylinder.  If  we  pretended  to  absc 
eision  in  the  analysis  of  images,  we  might  encount 
dcrablc  geometrical  difficulties :  but  this  is  not  ncccssa 
analysis  depends,  in  general,  mathematically  speakini 
theory  of  caustic  curves,  created  by  Tschinihausen.  '. 
in  the  ai)plication  of  this  theory,  some  conjectures 
zarded;  and  the  want  of  direct  and  exact  experimc 
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the  uncertainty  which  attends  almost  all  the  parts  of  the 
theory  of  vision,  prevent  our  depending  too  securely  on  the 
reality  of  the  remote  results  of  any  general  principle  that  we 
can  yet  employ. 

Every  luminous  reflection  upon  any  body  what- 
tiira  not^fenuX  ^^'  ^®  accompanied  by  an  absorption  of  more  or 
less,  but  always  of  a  great  part  of  the  incident 
light ;  and  this  gives  rise  to  a  second  interesting  question  in 
catoptrics.  But  our  knowledge  about  it  amounts  to  very  little, 
from  our  backwardness  in  photometry;  so  that  we  have  not 
yet  laid  hold  of  any  law.  We  do  not  know  whether  the  loss 
is  the  same  in  all  cases  of  incidence :  nor  whether  it  is  con- 
nected with  the  degree  of  brightness :  nor  what  is  the  influ- 
ence of  colour  upon  it :  nor  whether  its  variations  in  difle- 
rent  reflecting  bodies  are  in  harmony  with  other  specific,  and 
especially  optical  characters.  Tliese  questions  are  not  only 
untouched:  they  have  never  been  proposed.  All  that  we 
know  is  simply  that  the  absorption  of  light  appears  to  be  al- 
ways greater  (but  to  what  degree  we  are  ignorant)  by  reflec- 
tion than  by  transmission.  iSrom  this  has  resulted,  in  recent 
times,  the  use  of  lenticular  beacons,  introduced  by  Frcsnel. 

A  more  advanced  kind  of  inquiry  belongs  to  the  study  of 
transparent  substances;  but  here,  again,  the  laws  arc  ill  un- 
derstood. In  these  bodies,  reflection  accompanies  refraction, 
and  we  have  the  opportuiiitv  of  inquiring  by  what  laws,  gene- 
ral or  special,  the  division  lx:twecn  transmitted  and  reflected 
light  takes  place.  We  only  know  that  the  last  is  more  abun- 
dant in  proportion  as  the  incidence  is  more  oblique;  and  that 
reflection  begins  to  become  total  from  a  certain  inclination 
proper  to  each  substance,  and  measured  exactly  with  regard 
to  several  bodies.  The  inclination  appears  to  be  less  in  pro- 
portion as  the  substance  is  more  refracting :  but  the  supposed 
law  of  the  case  is  comicctcd  \rith  chance  conjectures  upon 
the  nature  of  light,  and  requires  to  be  substantiated  by  direct 
experiment. 

SECTION  in. 

DIOPTRICS. 

Of  all  the  departments  of  Optics,  dioptrics  is  at  present  the 
richest  in  certain  and  exact  knowlcflgc,  reduced  to  a  few  simple 
laws,  cmbraciug  a  large  variety  of  phenomena.     The  funda- 
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mental  law  of  refraction  was  wholly  unknown  to 
the  ancients,  and  was  discovered  at  the  same  ^ 
time,  under  two  disthict  and  equi\'alcnt  forms,  by 
Suellius  and  Descartes.  It  consists  of  the  constant 
of  the  sines  of  the  angles  that  the  rcfiractcd  ray  au< 
dent  ray,  always  contained  in  the  same  normal  ]) 
with  the  perpendicular  to  the  refracting  surface,  ii 
direction  the  refraction  may  be.  Tlie  fixed  rclatio 
two  sines,  when  the  light  passes  fix>m  a  vacuum  in1 
dium  whatever,  constitutes  the  most  important  opt 
cicnt  of  every  natural  body,  and  holds  a  real  rank 
grcgatc  of  its  physical  characteristics.  The  philoso 
laboured  at  its  determination  with  mudi  care  and  i 
ingenious  and  exact  processes:  they  have  prepare 
tensive  tables,  which  may  rival,  as  to  jirccision,  on 
^ptxrifir  i^iiivity — tlie  uncertainty  not  cxccedin*;  a 
jiart  of  tlic  nuincncal  value  of  tlic  refmctiiig  \}0\Yi 
ii;r)it  jKissfs  from  one  medium  to  aiiotlicr,  the  relul 
refraetion  dc^icn^ls  on  the  nature  of  both:  but  in 
tlic  invrnfc  [jassa^e  gives  it  ahvays  a  precisely  reinpr 
as<'\pennient  has  constantly  shown.  Again,  while  ; 
drrg<Trs  no  elicmical  elian^^^c,  and  lK?ctHnes  only  m 
tlrnse,  the  relation  of  refraetiun  whicU  belongs  to  i 
|iro[)f>rtion  to  the  sjiceific  gravity ;  as  may  be  eaf^ily 
IKTiiilly  witli  regard  to  liquids^  and  yet  more  to 
u'hiuh  wc  ran  so  extensively  modify  density  by  U 
and  jHTssurc.  Tliis  h  why  philosophers  liave  adopi 
ferenec  to  the  ju-opcr  relation  of  refraetion,  its  quot: 
density,  wliich  they  liave  named  refnu'ting  jiower; 
ohtain  more  fixed  and  spt-eific  eliai-ncters  in  the  die 
parisfju  of  diflcrent  sub^tanees.  Tbei-c  is  substant 
iur  til  is  distinetion,  though  its  origin  was  nuspieiou 
rnnst  he  observed  that  the  lefraeting  power  varie 
^nUstauee  docs  not  niulcrgo  any  eheinie^il  ehanpL% 
*is  we  have  seen  in  the  ease  of  water,  through  difle 
of  aggiTgation.  Tliese  vanations  in  the  refi*neting  ] 
given  occasion  to  eonfliets  l>ct\veeu  the  advocates 
liypt^thctieal  systems^ — each  of  which  requires  an  ii 
iu  tlic  refract injr  iK>wcr  which  wc  <1o  not  know  to 
the  difhculty  of  ^eparatin^  what  is  rrally  estiibl 
what  they  n^juiiT  is  one  of  the  mischievous  const 
ant i- scientific  hypotheses,  and   ojic   which  in ny   \i 
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the  actual  character  of  the  science  itself  doubtful  to  impartial 

minds. 

Kewton's  dii-        Ncwton's  discoveries  of  the  unequal  rcfrangi- 

coveries  on        bility  of  the  diflTarcnt  elementary  colours  form  an 

^^^♦"7        indispensable  complement  of  the  law  of  refirac- 

^"^  tion.  From  the  fact  of  the  decomposition  of  light 

in  a  prism^  it  dearly  follows  that  the  relation  of  the  sine  of 
incidence,  though  constant  for  each  colour,  varies  in  the  diffe- 
rent portions  of  the  solar  spectrum.  The  total  increase  which 
it  undergoes  from  the  red  rays  to  the  violet  measures  the 
dispersion  proper  to  each  substance,  and  must  complete  the 
determination  of  its  refracting  power  in  the  common  tables, 
where  only  the  mean  refitiction  can  be  inserted.  This  estimate 
constitutes,  from  its  minuteness,  one  of  the  most  delicate 
0|xsratioii8  of  optics,  and  does  not  admit  of  so  much  exactness 
as  that  of  the  refining  action  proi)crly  so  called^  especially 
in  bodies  which  bend  the  light  but  little,  as  the  gases;  but  it 
is  ascertained  for  a  considerable  number  of  substances,  sohd 
or  liquid.  In  comparing  the  changes  of  the  dispersive  power 
as  we  pass  from  one  body  to  another,  we  discover  that  the  va- 
riations are  not,  as  Newton  supposed,  in  proportion  to  the  rc- 
fincting  power :  and  indeed  we  find,  in  more  than  one  case, 
that  the  light  is  least  dispersed  by  substances  which  refract  it 
most.  The  discovery  of  this  discrepancy  between  two  qualities 
which  appear  to  be  analogous  was  made  by  DoUond,  about 
the  middle  of  the  last  century.  It  is  an  idea  of  high  impor- 
tance in  Optics^  as  it  indicates  the  possibility  of  achromatism 
by  the  compensation  of  the  opposite  action  pcrtahiing  to  two 
different  substances  which,  without  that,  could  not  cease  to 
disperse  the  light  but  by  ceasing  to  bend  it. 

Tlie  laws  of  refiiu^tion  show  us  that  there  can  be  none  but 

Eurcly  geometrical  difficulties  in  the  analysis  of  the  effects  of 
omogencous  media  upon  the  light  which  traverses  them. 
Tlie  great  comulication  which  might  arise  fit>m  the  form  of 
the  rcfracting  Ixxly  is  diminished  in  ordinary  cases  by  our 
satisfying  ourselves  Hith  plane,  spherical,  or  cylindrical  sur- 
faces :  but  we  should  yet  find  the  inquiry  embarrassing,  and 
csi)ecially  in  regard  to  the  dispersion,  if  we  did  not  confine  it 
to  an  ajiproiiniate  estimate  of  the  few  commonest  circum- 
stances. 
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DIFPEACTION* 

SECnON  IV. 
DIFFRACTION. 

Tlic  modification  called  diffraction  has  now  I 
the  essential  parts  of  Optics.  It  was  entered 
maldi  and  Newton,  advanced  by  the  researches  o 
and  completed  by  those  of  Fresnel.  It  consists 
tion,  always  accompanied  by  a  more  or  less  mark 
that  light  nndergoes,  in  passing  close  by  the  edg( 
or  opening.  Its  simplest  way  of  manifesting  it 
unequal  and  variousdy-colourcd  fringes,  some 
some  interior,  which  surround  the  shadows  p 
darkened  room.  The  famous  general  principle  of 
discovered  by  Dr.  Young,  is  the  most  important  i 
with  this  theory.  It  was  not  appreciated,  remai 
till  Fresnel  made  use  of  it  to  explain  several  inl 
nomena,  difScult  to  analyse;  and,  among  othc 
bratcd  ])henomenon  of  the  coloured  rings,  whic 
means  fully  accounted  for  by  Newton's  admirabh 
law  of  interferences  is  this :  that  when  ti^o  lui 
emanate  from  the  same  i)oint,  and  follow,  for  an 
distinct  courses,  but  little  inclined  towards  eadi 
tensities  proper  to  the  two  lights  neutralize  and  i 
other  alternately,  increasing  by  equal  and  miimti 
value  of  which  is  determined,  the  difference  in  Ic 
the  entire  patlis  traversed  by  the  two  cones.  It 
this  important  principle  should  have  suffered,  like 
being  imphcatcd  ^nth  chimerical  conceptions  on 
li^ht. 

\Ve  have  done  all  that  the  nature  of  this  Wc 
regard  to  Optics ;  and  we  must  pass  over  the  sv 
double  refraction  proper  to  various  cr}'stals,  the  { 
which  was  discovered  by  Huyghens.     We  must 

I)hcnomena  of  polarization,  disclosed  by  ^f  alus. 
lave  brought  forward,  I  hope  that,  while  I  hav< 
the  gaps  in  this  science,  of  which  we  are  too  li 
at  i)rescnt,  I  have  also  placed  in  a  clear  light  i 
numerous  results  obtained  during  the  last  two  c 
withstanding  the  disastrous  i^rci^ndcrance  of  vai 
alx)ut  the  nature  of  light  over  the  spirit  of  ral 
mentation. 
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CHAPTER  VI. 

ELECTROLOGY. 

nistoiT  ^^i^  last  branch  of  Physics,  relating  as  it  does 

to  the  most  complex  and  least  manifest  pheno- 
mena, could  not  be  developed  till  after  the  rest.  The  electrical 
machine  indeed  is  as  old  as  the  air-pump ;  but  it  was  not  till  a 
century  later  that  the  study  assumed  a  scientific  character, 
through  the  distinction  of  the  two  electricities,  Musdienbroek's 
experiments  with  the  Leyden  jar,  and  then  tlirough  Franklin's 
great  meteorological  discovery,  ^vhich  was  the  first  manifesta- 
tion of  the  influence  of  electricity  in  the  general  system  of  na- 
ture. Up  to  that  time,  the  isolated  observations  of  philoso- 
phers had  oidy  suggested  the  character  of  generality  inherent 
m  this  part  of  Physics,  as  in  all  others,  by  continudly  adding 
to  the  number  of  substances  susceptible  of  electrical  pheno- 
mena :  and  it  was  not  till  the  end  of  the  last  century  that  this 
department  of  Physics  presented  anything  like  the  rational 
character  which  belongs  to  the  others.  It  is  owing  to  the 
labours  of  Coulomb  that  it  takes  its  place,  and  still  an  inferior 
place,  with  the  rest. 

No  other  science  offers  so  great  a  variety  of 
Condition.  curious  and  im|x>rtant  phenomena ;  but  facts  do 
not  constitute  science,  though  they  are  its  foundation  and 
material.  Science  consists  in  the  systematizing  of  facts  under 
established  general  laws:  and,  reganlcd  in  this  way,  £Icc- 
trology  is  the  least  advanced  of  all  the  branches  of  Physics, 
imperfect  as  they  all  are.  In  the  absence  of  ascertained  laws, 
arbitrary  hypothesis  has  run  riot.  The  simple 
^™J^^  confidence  with  which  students  have  explained 
all  phenomena  by  endowing  imaginary  fluids 
with  new  proixsrtics  for  every  fipcsh  occurrence,  reminds  us  of 
the  old  metaphvsical  explanations, — ^the  ancient  entities  being 
merely  rcplacca  by  supposed  fluids.  But  the  delusion  is  less 
miscliicvous  here  than  in  Optics,  where  the  arbitrary  conjec- 
tures are  closely  connected  with  real  laM's,  and  share  their 
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impofiiiig  cliaracicr.  In  dcctrology  the  liypotliescs^  staiiding 
alone^  exhibit  their  barreuness ;  and  everybody  ean  see  that 
tliey  have  borne  no  share  in  the  great  disooverics  of  the  hist 
half-eentury,  though  the  discovcricsy  onee  made,  have  been 
afterwards  attached  to  the  hypotheses.  Most  people  regard 
them  now  as  a  sort  of  mnemonic  apparatus,  useful  j^r  eon- 
nectuig  toiCts  in  the  memory,  though  originally  designed  for  a 
very  different  purpose.  They  are  a  bad  apparatus  fir  even  this 
object,  wliich  would  be  much  better  answered  by  a  system  of 
scientific  formulas  especially  adapted  to  that  use.  And,  though 
less  mischievous  than  in  Optics,  hjrpothcscs  of  this  order  do 
harm  in  dcctrology,  as  everywhere  else,  by  concealing  from 
most  minds  the  real  needs  of  the  science.  It  should  oe  re- 
membered, moreover,  that  anti-scientific  action  like  this  ex- 
tends its  influence  over  the  succeeding  and  more  complex 
sciences,  which,  on  account  of  their  greater  difficulty,  require 
the  severest  method,  the  type  of  which  will  naturally  be  looked 
for  in  the  antecedent  sciences.  It  is  a  serious  injury  to  trans^ 
mit  to  them  a  radically  vicious  model.  AMiile  physicists  are 
using  these  hypotheses  as  having  avowedly  no  intrinsic  reality, 
their  very  use  leads  students  of  the  successive  sciences,  and 
especially  physiologists,  to  consider  them  the  very  sublimitr  of 
physics,  and  to  proceed  to  take  them  for  the  bases  of  tneir 
own  labours.  We  see  how  the  notion  of  magnetic  and  electric 
fluids  tends  to  confirm  that  of  a  nervous  fluid,  and  to  encourage 
wild  dreams  about  the  nature  of  what  is  called  animal  mag- 
netism, in  which  even  eminent  physicists  have  shared.  Such 
consequences  show  how  a  study  which  is  naturally  fiivourable 
to  the  positive  development  of  human  intelligence  may,  by 
^'icious  methods  of  phflosophizing,  become  fatal  to  our  imder- 
standings. 

From  the  complex  nature  of  the  phenomena, 
there  can  be  but  little  application  of  mathematics   JkSu^wtics. 
in  elcctrology.    It  has  as  yet  borne  only  a  small 
share  in  the  progress  of  the  science :  but  it  is  as  well  to  point 
out  the  two  ways, — ^the  one  illusory,  the  other  real, — ^in  which 
the  application  of  mathematics  has  been  attempted. 

Those   who   have  occupied   themselves  with 
imaginary  fluids  as  the  causes  of  electrical  and   JL^^Jl^ 
magnetic  phenomena,  have  transferred  the  gene- 
ral laws  of  rational  mechanics  to  the  mutual  action  of  their 
molecules ;  thus  making  the  body  under  notice  a  mere  sui- 


280  ^     POSITIVE   FHIL080PHT. 

straium^noceaaarj  for  the  manifestation  of  the  phenomenon^ 
but  miconcemed  in  its  production ;  >rith  which  office  the  fluid 
is  chained.  It  is  dear  that  mathematical  labours  so  baseless 
can  serve  no  other  purpose  than  that  of  analytical  exercise, 

without  adding  a  particle  to  our  knowledge.  In 
SS^*^^"      *^®  ®*^^  case,— of  a  sound  application,— the 

mathematical  process  has  been  oascd  on  some 
general  and  elementary  laws,  established  by  experiment,  ac- 
cording to  which  the  study  of  phenomena  proper  to  the 
bodies  themselves  has  been  pursued, — all  chimerical  hypotheses 
bcins  discarded.  This  is  the  character  of  the  able  researches 
of  M.  Ampere  and  his  successors,  on  the  mathematical  inves- 
tigation of  electro-magnetic  phenomena,  in  which  the  laws  of 
abstract  dynamics  have  been  efficaciously  applied  to  certain 
cases  of  mutual  action  between  electric  conductors  or  magnets. 
In  examining  the  principal  parts  of  electrology,  we  must 
exclude  all  that  belongs  to  the  chemical  or  physiological  in- 
fluence of  electricity,  and  all  connection  of  electricity  with 
concrete  physics ;  and  especially  with  meteorology. 
_j^^^  Thus  limited  to  the  physical  and  abstract, 

electrology  at  present  comprehends  three  orders 
of  researches.  The  lint  relates  to  the  production,  manifesta- 
tion, and  measurement  of  electrical  phenomena :  the  second, 
to  the  comparison  of  tlie  electric  state  proper  to  the  difierent 
parts  of  the  same  mass,  or  to  difierent  contiguous  bodies :  the 
third,  to  the  laws  of  the  motions  which  rcsidt  from  electriza- 
tion :  we  may  add,  as  a  fourth  head,  the  application  of  the 
results  under  the  otlicr  three  to  the  special  study  of  magnetic 
phenomena,  which  can  never  henceforth  be  separated  from 
them. 

SECTION  L 
ELECTRIC-  PRODUCTION. 

The  sum  of  our  obscnations  leads  us  to  regard  the  electric 
condition  of  bodies  as  being,  more  or  less  cridcntly,  an  inva- 
riable consequence  of  almost  all  the  modifications  they  can 

undergo:  but  the  chief  causes  of  electrization 
tiSi^  ^^   ofTcr  themselves,  in  the  order  of  their  power  and 

scientific  imix)rtancc,  thus:  chemical  composi- 
tions and  decompositions:  variations  of  tcm^x^rature :  friction: 
pressure :  and,  finally,  simple  contact.  This  distribution  differ 
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CAUSES  OF  BLECTKIZATIOIL 

widely  finom  that  first  indicated  by  inquiry, — ^firicti 
long  supposed  the  only,  and  then  tlie  most  powerful 
producing  the  electric  condition.    The  comparison  < 
is  very  far  from  being  exhausted ;  but  we  may  be  assi 
the  order  specified  ab^ve  will  never  be  radically  chanj 

There  is  no  doubt  that  chemical  actions  are 
the  most  general  sources  of  electricity,  as  well  as  ^^ 
the  most  abundant ;  as  they  are  with  r^;ard  to 
Heat.    In  the  most  powerful  electrical  apparatus,  a 
daily  in  the  Voltaic  pile,  the  chemical  action,  whicl 
passed  unnoticed,  is  now  recognised,  thanks  to  the  h 
u  ollaston  and  others,  as  the  principal  source  of  deci 
which  becomes  indeed  almost  insensible  when  care  is 
exclude  chemical  action. — After  tliis,  the  next  most 
cause  is  thcrmological  action,  though,  till  recent- 
ly,  it  was  rccojriiizcd  oiily  in  the  single  case  of  ^J^ 
heated  tourmalin.     Wc  now  know  that  marked 
diffcreticc*^  of  temjwraturc  between  consecutive  bars 
rent  kiiids^  whctlier  lioniogeucoits  or  othenviBC  in  tl 
cular  case,  sufticc  to  intlucc  a  marked  electrical  coodi 
more  intense  as  the  elements  are  moit3  numerous, — 
niomctrieal  eouditions  remaining  the  samc*^ — These  t^ 
tn-c  so  iKiwcrfidj  and  so  diifieult  to  exclude,  that  the 
of  tlie  others  beeomcs  a  ver}'  dclieate   matter,     I1 
enlt  to  determine  how  mueh  inflnenee  to  ascribe  to  a 
after  these  twOj  while  yet  they  arc  almost  unaToidabli 
Thus,  even  about  friction,  which  used  to  be  re- 
l^ardcd  as  so  iK)werful  a  cause,  it  is  now  doubt- 
i'ld  whether  the  friction  itself  has  anv  influeuee,  and 
the  electrization  is  not  due  to  the  thermometrical, 
the  elicmic^  effects  which  always  accompany  fiid 
which  use<l  to  be  altogether  overlooked  in  this  instai] 

The  ease  is  nearly   the  same  \nth  Pressure, 
the  electric  influence  of  which  ho^vever  is,  if  less    ^' 
luarkwl,  more  uncpicstionahlCj  fi-om  our  being  able 
it  more.     But  the  remark  is  aljovc  all  applicable  to 
duet  ion  of  the  electric  state  by  the  simple  contact 
rog:eueous  Ixxlies.     It  was  by'tliis  contact  that 
\  olta  brouglit  out  the  iK)wer  of  his  wonderful    ^ 
instntment,  while  it  is  well  known  now  that  cl]emi( 
bears  a  chief  part  in  it,  and  that  contact  coutribu 
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in  only  a  secondary  manner^  if  even  it  be  not  altogether 
doubtful. 

Besides  tbese  leading  causes  of  electrization, 
Other  cauies.  ^j^^j^  ^^  many  Icss  important, — as  changes  in 
the  mode  of  aggregation,  the  fusion  of  solids,  and  the  evapo- 
ration of  liquids.  Even  simple  motion  suffices,  under  special 
conditions,  to  induce  an  electric  state,  as  M.  Arago  has 
shown  in  the  experiment  of  the  influence  of  the  rotation  of  a 
metallic  disc  upon  a  magnetized  needle,  near  but  not  conti- 
guous. Our  philosophers  however  must  beware  of  passing 
into  the  other  extreme  from  that  with  wliich  they  justly  re- 
proach their  predecessors.  It  is,  no  doubt,  prejudicial  to  elec- 
trology  to  neglect  all  sources  of  electrization  but  the  most 
conspicuous :  but  it  may  be  not  less  so  to  carnr  analysis  too 
far,  and  sec  causes  of  electrization  in  all  sorts  of  minute  phe- 
nomena*. 

A  special  instrument,  or  class  of  instruments, 
^■***™™^*^  naturally  corresponds  to  each  of  the  general 
modes  of  electrization,  in  order  to  realize  the  most  favourable 
conditions  for  the  production  and  support  of  the  electric  state. 
However  important  these  may  be,  it  is  clear  that  we  cannot 
here  enter  upon  the  consideration  of  them.  But  we  must  not 
pass  over  the  instruments  invented  for  the  manifestation  and 
measurement  of  the  electric  condition, — the  electroscope  and 
the  electrometer.  Tlie  most  eminent  philosophers  have  always 
attached  the  highest  importance  to  the  perfecting  of  these 
instruments,  in  the  invention  of  which  real  genius  has  often 
been  exhibited.  Their  perfection  is  of  more  consequence  than 
that  of  electric  producers ;  because  very  weak  electric  powers 
often  answer  best  in  delicate  experiments,  from  their  simpli- 
city; while  the  utmost  ingenuity  is  required  in  instituting 
means  of  manifesting  and  measuring  the  minutest  electric 
effects. — ^Though  the  electric  condition  cannot  be  measured 
without  being  first  manifested,  and  the  manifestation  leads  to 
some  sort  of  estimate,  there  is  a  real  distinction  between  elec- 
troscopes and  electrometers.  Among  simple  electroscopes,  the 
most  remarkable  for  use  in  very  delicate  researches,  is  that 
kind  called  condeiiserg,  wliich  render  feeble  electrical  effects 

*  In  this  paragnph,  M.  Comte  alladct  to  the  now  mont  fertile,  hut  when  ho 
wrote,  the  eomparstiTch'  unknown  tuhject  of  the  development  of  Electridtv 
hj  Inducikm.-J.  P. ». 
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sensible  through  their  gradual  accumulation :  and  all  these  in- 
struments are  so  arranged  as  to  show,  by  the  method  of  expe- 
rimentation itself^  the  positive  or  negative  character  of  the 
electricity  under  notice. — CoulomVs  electrical  balance  is  cer- 
tainly the  most  perfect  of  electrometers.  It  was  by  its  means 
that  he  discovered,  and  that  we  every  day  demonstrate,  the 
fundamental  law  of  the  variation  of  electric  action,  repidsive 
or  attractive,  inversely  to  the  square  of  the  distance ;  a  law 
which  could  not  be  unquestionably  obtained  by  any  other 
means.  As  we  have  advanced  in  the  science  of  electro-mag- 
netism, a  new  class  of  electrometers  has  been  introduced,  for 
piu3)08e8  of  measurement,  for  which  Coulomb's  balance  would 
not  answer.  These  are  the  class  of  multipliers.  Valuable  and 
delicate  as  they  are,  they  have  not  yet  been  applied^  with  so 
much  certainty  as  the  balance,  to  exact  measurements,  from 
the  diflSculty  of  proportioning  the  graduation  to  the  intensity 
of  the  observed  phenomenon. 


SECTIOK  n. 

ELECTRICAL   STATICS. 

The  second  part  of  electrology  includes  what  is  improperly 
called  electrical  statics;  a  term  imputable  to  illusory  hypo- 
theses about  the  nature  of  electricity :  yet  it  is  not  a  wholly 
absurd  title,  as  it  relates,  in  fact,  to  the  distribution  of  elec- 
tricity in  a  mass,  or  in  a  system  of  bodies,  the  electric  state 
of  wliich  is  regarded  as  invaiiable.  AVe  may  therefore  con- 
tinue to  use  this  abridged  term,  if  we  carefully  keep  clear  of 
all  mechanical  notions  of  the  equilibrium  of  any  supposed 
electric  fluid,  and  attach  to  it  a  sense  analogous  to  that  of 
Fourier,  when  he  spoke  of  an  equilibrium  of  heat,  and  of  eco- 
nomists when  they  speak  of  an  equilibrium  of  population. 

Considering  first  the  case  of  an  isolated  body. 
Coulomb  has  established  a  fundamental  law  which  .  SSrnjutionf 
is  (metaphorically  expressed)  the  constant  ten- 
dency of  electricity  to  the  surface,  or,  in  rational  langtiage, 
that  after  an  inappreciable  instant  of  time  electrization  is  al- 
ways limited  to  tlie  surface,  however  it  may  have  been  in  the 
first  place  produced.     As  for  the  distribution  of  the  electric 
state  among  the  different  \y&rts  of  the  surface,  it  depends  on 
the  form  of  bodies,  being  uniform  for  the  sphere  alone,  un- 
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^iial  for  all  other  forms,  but  always  sabject  to  r^ular  laws. 
Tiie  analysis  of  these  may  be  supposed  to  present  insurmount- 
able difiScultics;  nevertheless.  Coulomb  has  established  a  ge- 
neral fact  of  great  impoitance,  by  comparing  the  electric  states 
proper  to  the  extremities  of  an  ellipsoid  gradually  elongated : 
ne  has  perceived  that  their  electrization  increases  rapidly  as 
the  figure  is  elongatcdi  diminishing  in  the  rest  of  the  body ; 
whence  he  deducol  an  explanation  of  that  remarkable  power  of 
points,  disclosed  by  Franklin*. 

The  laws  of  electric  equilibrium  between  se- 
wniS^um.  ^^™^  contiguous  bodies  aflbrd  a  yet  more  difficult 
and  extensive  inquiry.  Coulomb  studied  them 
only  in  the  limited  and  insufficient  single  case  of  spherical 
masses.  However,  we  Icam  from  his  labours  that  the  nature  of 
substances  exercises  no  influence  over  the  electric  distribution 
established  among  them,  the  mode  depending  merely  on  their 
form  and  their  magnitude;  only,  the  electric  state  assumed  by 
each  surface  is  more  or  less  persistent,  and  manifests  itself  with 
more  or  less  rapidity,  according  to  the  icgree  of  conductibility 
in  the  body.  Coulomb  aualysol  completely  the  mutual  action 
of  two  equal  spheres;  discovering  tlmt  the  electric  condition 
is  always  null  at  the  point  of  contact,  scarcely  sensible  at 
20  degrees  from  that  point,  fast  increasing  from  60  to  90  de- 
grees, and  then  more  slowly  increasing  up  to  180  degrees, 
which  is  its  maximum.  If  the  globes  are  unequal,  the  smallest 
is  the  most  strongly  affected:  and  it  makes  no  difference 
whether  they  arc  electrized  together,  or  the  one  before  the 
other.  Tlie  question  becomes  more  complex  when  more  than 
two  bodies  are  concerned.  Coulomb  examined  onlv  a  series 
of  globes  ranged  in  a  straight  line ;  but  if  tliey  had  been  so 
placed  as  that  each  sliould  touch  tluree  or  four  others,  the  mode 
of  electric  distribution  would  inevitably  have  undergone  great 
changes.  The  subject  must  be  regarded  as  merely  initiated 
by  this  ffreat  philosopher;  and  no  one  has  added  anything  to 
it  since  his  time.  It  offers  to  electricians  a  subject  of  almost 
inexhaustible  researchf- 

*  Much  liat  nnoe  been  addod  to  tliU  clatt  of  inrcftigationt.-^.  P.  N. 

t  Tlie#e  tpocific  fiicti  arc  now  coiupivhcnUcd  within  general  laws.— J.  P.  X. 
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ELECTRICAL   DYNAMICS. 

SEcnoK  m. 

ELECTRICAL  DYKAMIC8. 

The  third  part  of  clcctrology  is  rciy  properly 
called  Electrical  Dynamics,  because  it  relates  to  ^ 
the  motions  which  result  from  electrization.  Re- 
cent as  is  its  origin,  it  is  superior  to  the  others  in  it 
condition,  through  the  laboiurs  of  M.  Ampere;  al 
posing  conjectim^  about  the  nature  of  electric  phei 
tx;  discarded.  M.  Ampere  has  referred  the  analysis 
fects  obsen-ed  in  this  branch  of  clcctrology  to  one 
general  phenomenon,  the  laws  of  which  he  has  fi 
tained ;  the  direct  and  mutual  action  of  two  thread 
with  electricity  by  voltaic  piles,  habitually  reduce 
greatest  simplification ;  that  is,  almost  always  com 
single  element. 

M.  Ampere  so  arranged  his  experiment  as  to  guar 
ducting  threads  from  the  perturbing  influence  of  t 
electricity ;  and  this  done,  he  could  easily  seize  the  c 
laws  of  the  phenomenon  under  his  notice.  He  f 
when  the  two  conductors  are  sufficiently  mobile,  th( 
place  themselves  in  directions  parallel  to  each  other 
they  then  attract  or  repel  each  other,  according  to  1 
mily  or  contrariety  of  the  two  electric  currents, 
for  the  laws  of  the  case,  it  is  necessary,  for  the  sak 
rality  and  simplicity,  to  keep  in  view  only  infinitely 
tions  of  the  different  conductors.  These  laws,  math 
considered,  relate  either  to  the  influence  of  the  dii 
to  that  of  the  distance. 

As  to  the  direction,  there  are  the  two  cases  to  be  < 
of  the  conducting  elements  being  in  the  same  plane, 
rent  planes.  In  the  first  case,  the  intensi^  of  the 
pcnds  only  on  tlie  angle  formed  by  each  of  the  twc 
^vith  tlic  line  which  joins  tlicir  niidfllc  pciiiit«  :  it  is  i 
*imnc  time  with  tliis  anj^lc,  niitl  increases  with  itj  at 
ma\inniin  whvn  it  l>ccun)es  right.  All  phenomena 
infliicct,  ajjprar  to  l>c  rxactly  rcprcscutcd  if  this  ii 
niatlc  to  vary  in  i)roi)oilion  to  the  siue  of  tlie  inelii 
cnrdinfr  to  the  fornnila  a^loptcd  by  all  the  success 
Ampere,  In  the  other  case,— of  the  conductors  no 
the  same  plaue^ — ^thc  aetion  depends  moreover  on  tl 
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inclination  of  the  planes  indicated  by  each  of  them^  and  by 
the  common  line  of  their  middle  points ;  and  the  result  of  this 
second  relation  is  wholly  different.  The  perpendicularity  of 
the  two  planes  determines  the  absence  of  all  action :  there  is 
attraction  while  the  angle  is  acute,  and  it  increases  as  the  angle 
diminishes,  its  tnaximum  takuig  place  at  the  moment  of  coin- 
cidence ;  when  the  angle  is  obtuse,  the  action  becomes  repel- 
lent, and  increases  as  each  plane  approaches  towards  the  pro- 
longation of  the  other,  a  situation  which  produces  tlie  max- 
imum  of  repulsion.  The  supposition  which  arises  in  this  case 
is  that  the  action  is  in  proportion  to  the  cosine  of  the  angle  of 
the  two  planes;  but  we  have  not  yet  attained  such  certainty 
as  in  the  former  case. 

As  for  the  influence  of  distance,  M.  Ampere  supposed  that, 
in  analogy  with  Coulomb's  law  of  common  electric  attraction 
and  repulsion,  the  action  of  two  conducting  elements  is  always 
reciprocal  to  the  square  of  the  distances  of  their  middle  points. 
But  analogy  is  not  sufScient  to  conclude  upon ;  and  direct  ob- 
servation is  out  of  the  question  when  the  parts  taken  are  infi- 
nitely small,  and  the  result  sought  must  be  affected  by  the 
form  and  magnitude  of  the  conductors.  However,  it  may  be 
mathematically  demonstrated  that,  in  the  h}7X>lhcsis  adopted 
by  AL  Ampere,  the  action  of  a  rectilinear  conductor,  of  an  in- 
definite length,  upon  a  magnetized  needle,  must  vary  exactly 
in  the  inverse  ratio  of  their  shortest  distance.  Tliis  consequence 
has  been  precisely  verified  by  experiment;  and  it  places  beyond 
a  doubt  tlie  reality  of  the  proposed  law. 

Under  this  law,  electric  action  would  seem  to  be,  mathe- 
matically, in  analogy  \vith  that  of  grantation.  But  this  case 
affords  a  lesson  against  incaution  in  transferring  to  the  study 
of  these  singular  movements  the  ordinary  procedure  of  ab- 
stract d}'namics.  Gravitation  is  independent  of  mutual  direc- 
tion, which  is  the  determining  influence  in  electrical  dynamics : 
and  thus  the  parallel  fails.  We  see,  further,  how  many  more 
difficulties  are  in  the  way  of  the  analysis  of  electric  forces  than 
in  that  of  molecular  gra\itation.  If  this  last  is,  from  its  com- 
plexity, unmanageable  except  in  the  simplest  cases,  it  is  no 
wonder  that  electrical  dynamics  has  not  been  mathematically 
studied  further  than  in  one  dimension,  and  never  at  all  in  sur- 
face. Even  this  much  woidd  be  hardly  eflbctcd  but  for  a  last 
fundamental  idea,  established  by  M.  Ampere ;  that  in  an  infi- 
nitely small  extent,  and  as  long  as  the  distance  is  not  sensibly. 
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changcdy  tlie  electric  action  is  identical  for  tvo  oon^ 
elements  issuing  at  the  same  extremities,  irliatever  i 
othennse  their  difference  of  form.  Such  a  property  m 
troducc  valuable  analj^ical  simplifications,  tending  to  ee 
a  remarkable  analogy  between  electric,  and  ordinary  d; 
decompositions. 

These  are  the  grounds  on  which  the  study  of  the  ' 
action  of  dectriz^  threads  proceeds.  Among  the  ma 
positions  of  these  conductors,  the  most  interesting  case 
of  the  spiral  form ;  and  especially  when  the  turns  ai 
close  together.  III.  Ampere  has  shoini  the  high  impi 
of  this  form,  in  order  to  imitate,  as  exactly  as  possil 
phenomena  characteristic  of  magnetized  bodies*. 

♦  ♦♦♦♦♦ 

We  have  now  reviewed  the  philosophy  of  Phy- 
sics, noticing  in  turn  the  aspects  presented  by  ^*^1 
the  study  of  the  prajx^lies  common  to  all  sub-  ^ 
stances  and  all  structures.  Tlicse  are  not  so  much  bi 
of  a  single  study  as  distinct  sciences.  Part  of  our  b 
has  been  to  carry  on  a  philosophical  operation,  hardly 
sary  in  astronomy,  but  becoming  more  and  more  so 
descend  to  the  more  complex  sciences ; — that  of  disen 
real  science  from  the  influence  of  the  old  metaphysica] 
sophy,  under  which  it  still  suffers  deplorably,  and  whicl 
fcsts  itself  in  Physics  through  illusory  and  arbitrary  < 
tions  about  the  primitive  agents  of  phenomena.  I  na^ 
able  only  to  indicate  the  mischief,  and  where  it  reside 
I  must  leave  the  work  of  purification  to  rational  philos 
whose  attention  will,  we  must  Iioixi,  be  more  and  more 
to  this  \itsl  question.  It  is  with  the  same  \iew*^  that, 
endeavoured  to  assign  the  true  application  of  mathe 
theories  to  the  principal  branches  of  physics,  pointing 
the  way  the  danger  of  the  excessive  systematization  v 
too  often  sought  by  carr}4ng  the  use  of  this  powerful 
ment  further  than  the  complex  nature  of  the  corrcsj 
phenomena  would  fairly  allow.  AVhile  ginng  my  chici 
tion  throughout  to  the  method,  I  have  pointed  out,  i 

^  •  M.  Comt<^  concludes  the  section  on  Electricity  by  •  slight  rcferei 
(liseoTcries  of  Oersted,  Arngo  and  otlicrs,  regarding  its  Tirtual  identit; 
wc  temi  the  magnetic  forces.  But  as  the  whole  of  this  most  iutere 
|in]x>rtant  part  of  Physics  has  taken  a  new  form  since  the  date  of  hi 
has  not,  for  reasons  assigned  in  the  IVeiacc,  been  thought  ncoessaij 
ducc  his  remarks  in  this  pkoe.~-J.  P.  K. 
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the  principal  natural  laws  relating  to  each  department  of 
seiencey  discovered  by  human  effort  during  the  two  centuries 
which  have  elapsed  since  the  birth  of  Physics,  prop^ly  so 
called:  and  I  have  shown  what  gaps  are  disclosed  in  the 
course  of  such  a  survey. 

Our  next  study  will  be  of  the  last  science  which  bdongs  to 
the  class  of  general  knowledge,  or  that  of  inorganic  nature. 
Chemistry  relates  to  the  molecular  and  specific  reactions 
which  different  substances  exert  upon  each  other.  It  is  a 
more  complex,  and  consequently  more  imperfect  sdcnce  than 
those  which  wc  have  reviewed :  but  its  eencral  character  may 
be  perfected,  through  the  means  afforded  by  its  subordination 
to  the  anterior  sciences. 
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We  linve  now  to  review  tlic  last  of  the  scionees 
\\\nv]i  relate  to  tlic  inorgjitiic  world,  Cheiuisitn^ 
lias  for  its  object  tlic  modifications  that  all  snbs 
iukKt^o  in  tlicir  eomijositiou  in  virtue  of  tlieir  m 
anions-  Witliout  this  new  order  of  ivhenomcnj 
important  operations^  of  terrestrial  natin-c  would 
prehensible  to  us ;  and  there  is  no  other  chiss  of 
so  intimate  and  s^o  complex.  Inert  bodies  can  n 
so  nearly  like  vital  ones  as  when  they  prodviec  in 
tlKJsc  rapid  and  profound  innturhations  which 
ehcmieal  eJTects-  \Vc  shall  sec  hereafter  tliat  the 
theolon:ieal  and  metaphysical  philosophy  consists  ii 
ijfall  phenomena  as  analogous  to  the  only  one  wlii 
by  innncdiate  eonscionsnesSj — Life  :  and  wc  can  e 
staiid  that  tlic  primitive  method  of  plnlosophizinn 
exerted  a  moit)  |)Owerfnl  ami  obstinate  dominion 
cal  phenomena  than  any  other,  in  the  inorganic  ' 
nnist  consider,  too,  that  direct  aud  spontaneous 
must  have  Ijccn  ajjplicd  in  the  first  place  only  to  ^ 
cated  pheuonieua,  such  as  vegetable  combustion: 
tionsj  etc.,  the  analysis  of  which  now  inquires  all  tl 
of  our  science ;  aud  that  the  most  important  chi 
iiomcna  are  produced  only  in  artificial  circnmstn 
^vere  long  in  being  devised,  and  very  difficult  at  fi 
Vol.  I. 
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i 
tutc.    Easy  as  it  is  now  for  even  the  most  ordinary  inquirers 
to  use  known  substances  for  the  disclosure  of  new  relations, 
we  can  hardly  imagine  the  difficulty  there  must  have  been,  in 
the  infancy  of  chemistry,  in  creating  suitable  subjects  for  ob- 

'  servation :  and  we  cannot  suppose  that  the  ancient  investiga- 
tors of  natm'e  could  ha^-e  had  energy  and  per8e%'erance  to  dis- 
cover the  principal  phenomena  of  the  science  if  they  had  not 
been  constantly  stimulated  by  the  unbounded  hopes  arising 
from  their  chimerical  notions  of  the  constitution  of  matter. 
Tlie  complex  and  doubtful  nature  of  the  pheno- 
foSSJn!"^^     mena,  in  the  first  place,  and  next,  the  difficulty 
of  getting  at  them,  are  quite  enough  to  account 
for  the  tardy  and  incomplete  positi\ity  of  chemical  concep- 
tions, in  com])arison  with  all  otlicrs  in  the  inorganic  it^on  of 
natm*c.     If,  as  we  have  seen.  Physics  is  defective  in  several 
respects,  much  more  must  that  science  be  so  which,  being  at 
once  more  difficult  and  more  recent,  seeks  the  laws  of  com- 
position and  decomposition.    Whichever  way  we  look  at  it, 
whether  speculatively,  as  to  the  value  of  its   explanations, 
or  actively,  as  to  the  precisions  which  tliey  admit  of,  this 
science  is  e\idently  the  least  advanced  of  all  the  branches  of 
inorganic  philosophy.    Indeed,  it  is  hardly  possible  to  call 
chemistry  a  science  at  all  while  it  scarcely  ever  leads  to  that 
precise  precision  which  is  the  criterion  of  perfection  in  specu- 
lative knowledge.    We  can  rarely  tcU  what  cvill  be  the  result 
of  the  smallest  and  fewest  modifications  introduced  among 
the  best  explored  chemical  operations ;  and  while  that  is  the 
case,  however  important  and  nimierous  may  be  the  facts  col- 
lected, we  are  in  possession  of  only  erudition,  and  not  science. 
To  suppose  otherwise  is  to  mistake  a  quarry  for  an  edifice. 

. .  It  is  not  to  be  hoped  that  chemistry  can  ever 

GapaciHes.  attain  a  state  of  rationality  so  satisfactory  as 
that  of  the  sciences  which  relate  to  phenomena  of  a  more 
simple  character ;  and  especially  that  of  the  eternal  type  of 
natural  philosophy, — ^Astronomy.    But  so  much  of  its  infe- 

.  riority  seems  to  be  due  to  a  cicious  philosophy,  and  to  the 
defective  education  of  philosophers,  that  I  cannot  but  hope 
that  a  judicious  philosophical  analysis  may  contribute  to  a 
speedy  perfecting  of  so  important  a  science.  This  is  tlie  con- 
viction that  I  desire  to  awaken  by  the  rapid  sketch  which  I 
propose  to  ofiTcr  of  chemical  philosophy,  regarded  in  all  its 
essential  aspects.    Little  as  can  be  done  witlun  the  bounds  of 
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this  section,  it  is  poasible  that  some  one  eminent  inquirer 
may  be  impressed  dy  the  necessity  of  submitting  to  a  new 
and  more  rational  elaboration  the  fundamental  conceptions 
which  constitute  the  science. 

First, — what  is  the  general  object  of  Chemis- 
try  ?    Vast  and  complex  as  is  its  subject,  the   oSS^tay. 
definition  of  Chemistry  is  easier  than  that  of 
Physics.    We  are  abready  prepared  for  it,  indeed,  by  having 
contrasted  that  of  Physics  Anth  it.    It  is  easy  to  characterize 
the  phenomena  of  chemistry,  in  a  direct  and  marked  manner; 
for  all  indicate  an  alteration,  greater  or  smaller,  in  the  consti-  !  ^ 

tution  of  bodies :  that  is,  a  composition  or  decomposition,  and 
generally  both,  taking  into  the  account  the  whole  of  the  sub- 
stances which  participate  in  the  action.  Thus,  at  aU  epochs 
of  scientific  development,  nnce .  chemistry  first  became  an 
object  of  speculative  study,  chemical  researches  have  stea- 
dily manifested  a  remarkable  originality,  which  has  prevented 
their  being  confounded  with  other  parts  of  natural  philoso- 
phy ;  even  while  Physics  itself  was  mixed  up,  as  its  title  shows, 
with  physiology;  which  was  the  case  up  to  a  very  recent 
time. — It  is  by  this  general  character  of  its  phenomena  that 
Chemistry  is  distinguished  from  Physics  which  precedes  it,  and 
Phy&iology  which  follows  it.  The  three  sciences  may  be  con- 
sidered as  having  for  their  object  the  molecular  activil^  of 
matter,  in  all  the  different  modes  of  wliich  it  is  susceptible. 
Each  corresponds  to  one  of  three  successive  degrees  of  acti- 
vity, which  are  essentially  and  naturally  distinguished  from 
each  other.  The  chemical  action  obxiously  presents  something 
more  than  the  physical  action,  and  something  less  than  the 
vital.  The  physical  activity  modifies  the  arrangement  of  par- 
ticles in  bodies;  and  these  modifications  are  usually  slight 
and  transient,  and  never  alter  the  substance.  The  chemical 
activity,  on  the  contrary,  besides  these  alterations  in  the 
structure  and  the  state  of  aggregation,  occasions  a  profound 
and  durable  change  in  the  very  composition  of  the  particles : 
the  bodies  which -occurred  in  the  phenomenon  are  no  longer 
recognizable, — so  much  has  tlie  aggregate  of  tlieir  properties 
been  disturbed. — ^Again,  physiological  phenomena  show  us  the 
molecular  activity  in  a  much  higher  degree  of  energy;  for, 
as  soon  as  the  chemical  combination  is  cflccted,  the  Ix^ies  be- 
come, once  more,  completely  inert ;  whilst  the  vital  state  is 
characterized,  over  and  above  all  physical  and  chemical  effects, 
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l^  a  double  continuous  motion  of  composition  and  decompo- 
sition^ adapted  to  maintain,  leiithiu  certain  limits  of  variation 
and  of  time,  the  organization  of  the  bod^  by  incessantly  re- 
newing its  substance.  Tliis  is  the  gradation,  which  no  sound 
philosophy  can  ever  confound,  of  the  three  modes  of  molecu- 
lar activity. 

Two  more  characteristics  of  this  science  must  be  pointed 
out :  one  relating  to  its  nature,  and  the  other  to  its  general 
conditions. 

Spediiedift-  Chemistry  would  not  be  dasscd  among  the 

ncterofitt  inorganic  sciences  unless  its  phenomena  were 
•ctioD.  general ;  that  is,  unless  every  substance  were  sus- 

ceptible of  chemical  action,  more  or  less.  And  it  is  because 
chemistry  is  thus  radically  diflfcreut  from  physiology  that  it 
ranks  as  the  last  of  the  inorganic  sciences, — ^physiological  phe- 
nomena being,  by  their  nature,  peculiar  to  certain  substances, 
organized  in  certain  modes.  Nevertheless,  it  is  incontestable 
that  chemical  phenomena  present,  in  every  case,  something 
specific,  or,  to  use  Bcrgmann's  energetic  expression,  elective. 
Not  only  does  each  material  clement  produce  chemical  effects 
which  are  altogether  peculiar  to  it,  but  it  is  the  same  vrith  their 
innumerable  combinations  of  diffci^cnt  orders,  among  the  most 
analc^us  of  which  certain  fundamental  differences  are  observ- 
able, even  so  as  to  be  adopted  as  their  characteristics.  \Miile 
therefore  physical  differences  among  different  bodies  are  those 
of  degree  only,  chemical  propeities  are  specific.  Physical  pro- 
perties afford  the  common  foundation  of  material  existence; 
and  it  is  by  chemical  properties  that  individuality  is  manifested. 
. .  Tlic  other  characteristic  relates  to  the  mode  of 

S^!^'*  ^^  chemical  action.  The  immediate  contact  of  an- 
tagonistic particles  is  absolutely  necessary  to  che- 
mical action;  and  therefore  one  at  least  of  the  substances 
eonccrued  must  be  fluid  or  gaseous.  When  this  condition  does 
not  already  exist,  it  must  be  artificially  procured  by  liquefying 
the  substance.  It  is  the  earliest  axiom  in  the  science,  that 
combination  cannot  take  place,  except  under  this  condition ; 
and  there  is  not  an  instance  upon  record  of  chemical  action 
between  two  solids,  unless  at  a  temperature  which  obscures  the 
true  state  of  aggregation  of  substances;  and  the  action  is 
never  so  powerful  as  when  both  substances  are  liquid.  Tliese 
facts  establish  the  eminently  molecular  character  of  chemical 
effects,  and  especially  in  comparison  with  physical  effects.  The 
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distinction  from  physiological  effects  is^  though  less  maiked, 
as  real,  the  latter  rcquiriug,  as  i^e  shall  see  hereafter,  the  . 
junction  of  solids  with  fluids. 

The  definition  of  Chemistry,  then,  is  that  it  j^^t^jj^^ 
relates  to  the  laws  of  the  phenomena  of  compo- 
sition and  decomposition,  which  result  from  the  molecular  and 
specific  mutual  action  of  different  substances,  natural  or  arti- 
ficial. 

It  will  be  long,  we  must  fear,  before  a  more  predse  defini- 
tion than  this  can  be  given.  ^leantime,  however  incomplete, 
the  most  rational  that  can  as  yet  be  offered  is  of  importance 
as  far  as  it  goes.  In  this  view,  and  coimecting,  as  usual, 
the  consideration  of  science  with  that  of  precision,  the  aim 
proposed  should  be  tliis : — the  characteristic  properties  of  sub- 
stances, simple  or  compound,  being  given,  and  those  properties 
being  placed  in  a  chemical  relation  in  well-defined  cuncum- 
stances,  to  determine  in  what  their  action  will  consist,  and 
what  will  be  the  chief  properties  of  the  new  products.  This 
problem  is,  at  all  events,  determinate;  and  nothing  contained 
in  it  could  be  omitted  without  its  ceasing  to  be  so;  and  the 
formula  therefore  contains  nothing  superfluous.  On  the  other 
hand,  if  we  could  obtain  such  solutions  as  arc  indicated,  the 
application  of  chemistry  to  the  tlu'ee  great  objects,  vital  phe- 
nomena, the  natural  history  of  the  globe,  and  industrial  opera- 
tions, would  be  rationally  organized,  instead  of  being,  as  now, 
the  almost  accidental  result  of  the  spontaneous  development 
of  science.  Each  question  woidd  at  once  be  referred  to  our 
formula,  the  data  of  which  would  be  supplied  by  the  circum- 
stances peculiar  to  the  application.  Far  (Ustant  as  we  are  from 
being  able  thus  to  conduct  our  inquiries,  this  is  the  end  to  be 
kept  in  view :  and  chemists  all  agree  that  the  most  advanced 
portions  of  their  science  are  those  fe^v  and  simple  questions 
in  which  tliis  aim  has  been  more  or  less  completely  attained. 

By  a  continued  application  of  this  method,  all  the  data  must 
finally  be  reducible  to  the  knowledge  of  the  essential  properties 
of  simple  substances,  which  would  lead  to  that  of  the  different 
immediate  principles :  and  consequently,  to  the  most  complex 
and  remote  combinations.  As  for  the  study  of  «,  ^ 
the  elements,  that  must,  of  course,  be  a  matter  of 
direct,  experimental  elaboration,  dixided  into  as  many  parts  as 
there  are  undecomposed  substances.  Whether  or  not  it  may 
be  iK>ssib1e  to  discover,  by  rational  methods,  relations  between 
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fhe  chemical  properties  of  each  element  and  its  aggregate  phy- 
sical properties,  we  must  lay  down  as  indispensable  a  direct 
exploration  of  the  chemical  oiaracters  of  each  element.  This 
general  basis  once  obtained  firom  experiment,  all  other  chemical 
problems  must  be  susceptible  of  a  rational  solution,  under  a 
small  number  of  invariaDle  laws. 

Comlmmti  '"^^  cUisscs  of  Combinations  naturally  divide 

^^  themselves  into  two,  according,  first,  to  the  sim- 
plicity, or  the  greater  or  less  degree  in  which  the  immediate 
principles  are  compounded :  and,  secondly,  the  number  of  de- 
ments combined.  Chemic&l  action  is  observed  to  become  more 
difficult  the  more  substances  are  compounded :  the  greater  part 
of  compound  atoms  belong  to  the  first  two  orders ;  and  beyond 
the  third  their  composition  seems  almost  impossible :  and,  in 
the  same  way,  in  regard  to  the  number  of  elements,  combi- 
nations lose  thdr  stability  in  proportion  as  the  elements  are 
multiplied : — ^there  are  usually  only  two;  and  scarcely  any  body 
involves  more  than  four.  Thus,  the  number  of  chemical  classes 
must  always  be  very  small  in  regard  to  the  distinction  under 
notice:  and  each  of  them  must  have  a  corresponding  law 
of  combination,  according  to  which  the  result  might  be  cer- 
tainly anticipated  through  a  knowledge  of  the  data.  This 
would  be  the  scientific  perfection  of  chemistry.  Our  prodi- 
^ous  remoteness  from  such  a  state  is  ascribable  to  the  feeble- 
ness of  our  faculties,  and,  in  an  accessory  way,  to  their  ncious 
direction.  We  must  remember  that  the  great  aim  has  Ix^im 
to  be  fulfilled  in  one  secondary  department  of  chemical  re- 
search,— the  study  of  proportions,  as  we  shall  see  hereafter. 
What  has  been  done  in  that  one  category  makes  us  ask  why 
an  analc^us  perfection  should  not  be  attained  in  other  depart- 
ments. We  may  sum  up  this  account  of  the  requisites,  with 
.  the  fuUy  rational  definition  of  Chemistry,  that  it 

J^J2t^  '^^  ^^^  ^**  object, — ^the  properties  of  all  simple 
bodies  being  given,  to  find  those  of  all  the  com- 
pound bodies  which  may  be  formed  from  them.  Every  science 
falls  short  of  its  definition :  but  a  real  definition  is  the  first 
evidence  that  a  sdenoe  lias  attained  some  consistency :  it  then 
measures  its  own  advancement  from  one  epoch  to  another ;  and 
it  always  keeps  inquirers  in  a  right  direction,  and  supports  them 
in  a  philosophic  progress. 

Meant  of  in-  Looking  now  at  our  means  of  investigation, 
▼cttigation.       i\e  shall  find  that  in  chemistry  the  law  holds 
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good  that  the  complication  of  phenomena  coinci 
extension  of  our  means  of  inquiry. 

Here  Observation  begins  to  find  its  full  deve- 
lopment. Up  to  this  time  it  has  been  more  or 
less  partial.  In  astronomy,  it  is  confined  to 
sight :  in  physics  we  use  hearing  and  touch*  also; 
try  employs,  besides  these,  taste  and  smell.  H 
'thus  gained  we  may  know  liy  imagining  what  w( 
of  chemistry,  if  we  were  without  taste  and  smc 
often  the  only  means  by  which  we  can  recognize 
duccd.  The  important  thing  to  obscn-e  under 
that  there  is  nothing  accidental,  nor  even  cmpiri( 
correspondence;  for,  as  we  shall  hereafter  see,  th 
siological  theory  of  sensations  shows  that  the 
taste  and  smelly  unlike  that  of  the  other  scntes,  ■ 
chemical  maiiiirr,  and  tlms  s!jo\vj>  these  two  sen* 
cially  adapted  for  tlic  pcrecptiou  of  plicnomeiia  of 
and  decom|>osition. 

As  for  Krptriment ^  it  is  enough  to  say  that 
the  greater  mimber  of  chemical  phenomena,  and 
cspceially  the  most  iiistnictivc,  arc  of  artificial 
Still,  we  must  rcmcmlicr  that  the  essential  chara 
riiucutation  consists  in  tlic  iustitutionj  or  the  < 
circumstances  of  tlie  phcuomcuon,  in  order  to  a 
and  decisive  investigation.  Tliis  process  is  jiior 
chcmistn^  than  in  physics,  bccauj^e  it  is  more  ditf 
tutc  two  pandlcl  eases,  undistiu-bcd  by  the  intrui 
vant  influences;  and  yet  this  is  the  fnndamcnta] 
cxperi mentation.  On  this  account,  I  dissent  fr 
iiarj^  supposition  that  the  cxi^crimciital  nietliod  is 
priatc  to  clicmical  than  to  physical  rc^archcs, 
is  my  view,  and  though  the  greater  advancerac 
gives  it  the  advantaj^c  over  clicmistrj^  in  the  13 
ment,  I  can  have  no  doubt  of  the  powerful  influci 
mentation  iji  chemistry,  independently  of  its  ha 
new  subjects  of  observation.  From  the  early 
science,  the  immortal  series  of  Priestley's  exp 
}et  more,  those  of  Ijavuisier,  have  ollercd  admi 
almost  com  parable  to  the  most  peifect  research 
arid  (piitc  enough  to  prove  that  there  is  nothing 
of  chcniical  pheuomcna  to  prevent  the  extemled 
employment  of  tlic  experimental  method. 
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The  third  means,  Comparison,  which  we  have 
Compamon.  jj^fQj^  5^^^  to  be  inapplicable  in  Astronomy,  and 
of  especial  use  in  Physiology,  begins  to  have  a  real  use  in 
Chemistry.  The  essential  condition  of  this  valuable  method 
is  tliat  there  shall  be  an  extended  scries  of  cases,  analogous 
but  distinct,  in  which  a  phenomenon  shall  be  modified  more 
and  more,  whether  by  successive  simplifications  or  gradations. 
It  is  evident  that  this  can  take  place  fully  only  with  regard 
to  \ital  phenomena ;  accordingly,  it  is  only  by  physiological 
analysis  that  a  dear  idea  of  its  value  can  be  obtained.  But 
chemical  phenomena  approach  those  of  physiology  nearly 
enough,  not  only  to  demand  this  method,  but  to  indicate  that 
without  it  the  science  can  ne\'er  find  the  road  to  perfection. 
The  existence  of  natural  families  in  chemistry  is  now  admitted 
by  the  best  inquirers :  but  the  classification  remains  to  be 
made.  The  need  of  the  classification  must  lead  to  the  use  of 
the  comparative  method,  both  being  based  on  the  common 
consideration  of  the  uniformity  of  certain  preponderant  phe* 
nomena  in  a  long  scries  of  dificrcnt  bodies.  There  is  even 
such  a  connection  between  the  two  orders  of  ideas  that  the 
construction  of  a  natural  chemical  classification  is  impossible 
without  a  large  application  of  the  comparative  art,  as  the 
physiologists  understand  it ;  and  conversely,  comparative  che- 
mistry cannot  be  regularly  cultivated  without  the  guidance  of 
some  sketch  of  a  natural  classification.  Chemistry  is  at  pre- 
sent only  a  nascent  science;  general  methods  are  as  yet 
scarcely  recognized  in  connection  with  it ;  and  only  a  very 
few  researches  aflbrd  an  example  of  the  comparative  method; 
but  I  am  }xrrsuaded,  not  only  of  the  fundamental  suitability 
of  that  method  in  chemistry,  but  of  its  application,  before 
very  long,  to  the  perfecting  of  the  science.  Such  an  antici- 
pation, somewhat  preceding  the  spontaneous  development  of 
any  science,  may  be  a  contribution  to  its  actual  progi*ess. 
Cticniicalana-  -A^H  the  means  employed  arc  subject, — espe- 
Irns  andsyn-  cially,  but  not  solcly  in  chemistry, — ^to  a  vcrifi- 
thesia.  cation  by  the  precise  collation  of  the  two  proce- 

dures of  analysis  and  synthesis  ;—Qry  (as  these  terms  have 
been  corrupted  by  metaphysical  uses)  composition  and  deoom- 
])06itiou. — ^Every  substance  which  has  been  decomposed  must 
evidently  be  capable  of  recomposition,  whether  the  process 
be  othcr\\ise  practicable  or  not.  If  the  inverse  operation 
reproduces  precisely  the  primitive  substance,  the  chemical 
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dcmonstntkm  is  complete.  Unfortunately,  the  y 
sion  of  chemical  resources  in  this  century  has  hi 
stronger  bearing  on  analj^cal  powers  than  syntheti 
80  that  there  is  at  present  httle  proportion  and 
between  the  two  methods. — Such  harmony  is  im 
to  the  establishment  of  certainty  in  some  cases, 
when  we  duly  distinguish  two  widely  differing 
chemical  analysis:  the  jnreliminary,  consisting  oi 
pie  separation  of  the  immediate  principles;  and 
loidiug  to  the  determination  of  tiie  elements,  p 
called.  Though  both  are  essential  to  chemical  ro 
first  is  of  the  most  important  and  extensive  use. 
mentary  analysis  might  be  spared  a  synthetical  v 
— ^because  the  composition  of  the  reacting  substi 
be  compared  with  the  results  obtained,  thus  indi 
composition  of  the  proposed  substance,  the  differcn 
of  which  will  in  this  way  have  been  in  some 
rated.  The  impossibility  of  rccombining  the  elcmc 
produce  the  primitive  body,  ought  not  to  throw  an^ 
the  solution,  unless  there  is  some  special  reason  for 
the  simplicity  of  any  one  of  the  elements.  Syntlic 
this  case,  only  add  a  valuable  confirmation  to  what 
not  doubtful.  But  the  case  is  very  different  when 
determine  only  the  immediate  principles.  As  th( 
concerned  can  produce  combinations  of  different 
can  never  be  sure  that  one  or  more  of  the  supposed 
nrinciplcs  obtained  does  not  result  from  the  reactii 
by  the  analysis  itself.  It  is  only  sjniithesis  whiclij 
stnictiiig  tlie  ]}roiK)scd  * ul)stance  with  the  materials  ■ 
can  ilmdc  the  (juestioii  coiiclusivdv,  thmigh  iu  sor 
ftx^blc  agency  in  the  reactivcs,  and  sstroiig  analog! 
tioii,  the  IT  is  ivo  room  left  for  reas*)ijalilc  doubt, 
diate  aual  Vines  of  \pv\xt  eouijjicxity,  t>  hcu  the  agreen 
nous  aualvticid  means  strongly  con'olK>nitcs  tlie  c 
obtained,  ^rc  cannot  relv  on  real  chemical  dom 
without  tlie  synthetieal  confirmation.  Tlds  maxim 
cal  phdosopliy  is  abimdinitly  exemplified  iu  the  f 
luineral  waters,  aud  yet  more  of  oi'ganic  subatauc 
iiotieeable  that  s^ynthe^ig'  is  easiest  wljcrc  it  is  most 
and  vvould  be  most  diiUcult  iu  the  case  of  elementar 
^vhere  it  euu,  as  we  ha^c  seen,  be  disjiensed  with 
owing   to  tlie  combinations  becoming  less  tenaeic 
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order  of  composition  of  the  constituent  particles  is  higher ; 
and  if  the  decomposition  is  easy,  so  is  the  rccompodtion.  The 
cases  of  immediate  analysis  require  only  feeble  antagonisms, 
offering  no  great  obstacles  to  the  synthetical  operations  indis- 
pensable for  their  demonstration. 

We  have  next  to  consider  the  encyclopedical 
^^  *^      position  of  Chemistiy,  to  justify  the  rank  as- 
signed  to  it  in  our  scale. 

It  is  from  no  vain  and  arbitrary  consideration  that  Che- 
mistry is  placed  between  Physics  and  Fh^siol<^  in  our  scale. 
By  the  important  series  of  dectro-diemical  phenomena  Che- 
mistry becomes,  as  it  were,  a  prolongation  of  Physics :  and  at 
its  other  extremity,  it  lays  the  foundations  of  physiology  by 
its  research  into  organic  combinations.  These  relations  are  so 
real  that  it  has  sometimes  happened  that  chemists,  untrained 
in  the  philosophy  of  science,  have  been  uncertain  whether  a 
particular  subject  lay  within  their  department,  or  ought  to  be 
referred  either  to  physics  or  to  phyaology. 

The  phenomena  of  Chemistry  are  more  complex  than  those 
of  Physics,  and  are  certainly  dependent  on  them.  Their  de- 
gree of  generality  is  inferior,— chemical  effects  requiring  a 
much  more  extended  concurrence  of  varied  conditions.  Phy- 
sical pro))erties  belong  not  only  to  all  substances,  but,  Ti-ith 
simple  modifications,  to  all  the  states  of  aggregation,  and  even 
of  combination,  of  each  of  them :  whereas,  it  is  only  in  a 
more  or  less  determined  and  restricted  condition  that  each 
body  manifests  its  chemical  properties.  In  a  word,  nature 
often  shows  us  physical  effects  apart  from  the  chemical,  while 
there  can  be  no  chemical  effects  apart  from  certain  physical 
phenomena.  Thus  Chemistry  cannot  be  rationally  studied 
without  a  prenous  knowledge  of  physics.  Besides,  the  most 
powerful  chemical  agents  arc  derived  from  physics,  wliich 
presents,  in  its  different  orders  of  phenomena,  the  first  dis- 
tinctive characters  of  different  substances.  It  is  impossible 
in  our  day  to  conceive  of  scientific  chemistry  without  ginng 
it  the  whole  of  physics  for  its  basis:  and  thus  is  its  first  rela- 
tion in  the  scale  established.  And,  as  physics  is  dependent 
on  astronomy  and  mathematics,  so  must  its  own  dependent 
be.  But  it  must  be  owned  that,  with  regard  to  doctrine,  the 
connection  of  Chemistry  with  the  first  two  sciences  is  neither 
extensive  nor  very  important 

Ever}'  attempt  to  refer  chemical  questions  to  mathematical 
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doctrines  must  be  considered,  now  and  alwavSy  profoundly 
irrational^  as  being  contrary  to  the  nature  of  the  phenomena. 
In  the  case  of  physics,  the  mischief  would  be,  as 
we  have  seen,  merely  from  the  misuse  of  an  in-    S^^^^^ 
stmmcnt  which,  properly  directed,  may  be  of 
admirable  efficacy:  but  if  the  employment  of  mathematical 
analysis  should  ever  become  so  preponderant  in  chemistry  (an 
abeiration  which  is  happily  almost  impossible)  it  would  occa- 
sion vast  and  rapid  rctrogradation,  by  substituting  vague  con- 
ceptions for  positive  ideas,  and  an  easy  algebraic  verbiage  for 
a  laborious  investigation  of  facts.     The  direct  subordination  (  ^ 

of  chemistry  to  astronomy  is  also  slight,  but  more 
marked.  It  is  almost  insensible  in  regard  to  ab-  ^  rooamy. 
stract  chemistry,  which  alone  is  cultivated  in  our  day.  But, 
when  the  time  shall  come  for  the  development  of  concrete 
chemistry, — that  is,  the  methodical  application  of  chemical 
knowledge  to  the  natural  history  of  the  glo1)e, — astronomical 
considerations  will  no  doubt  enter  in  where  now  there  seems 
no  point  of  contact  between  the  two  sciences.  Geology,  im- 
mature as  it  is,  hints  to  us  such  a  future  necessity,  some 
vague  instinct  of  which  was  probably  in  the  minds  of  philoso- 
phers in  the  theological  age,  when  they  were  fancifully  and 
yet  obstinately  bent  on  uniting  astrology  and  alchemy.  It  is, 
in  fact,  impossible  to  conceive  of  the  great  intestinal  operations 
of  the  globe  as  radically  independent  of  its  planetary  condi- 
tions.— Inconsiderable  as  are  the  relations  of  chemistry  with 
mathematics  and  astronomy,  in  regard  to  doctrine,  it  is  far 
otherwise  with  regard  to  method.  It  is  easy  to  see  how  the 
perfection  of  chemistry,  might  be  secured  and  hastened  by  the 
training  of  the  minds  of  chemists  in  the  mathematical  spirit 
and  astronomical  philosophy.  Besides  that  mathematical 
study  is  the  necessary  foimdation  of  all  positive  science,  it 
has  a  special  use  in  chemistry  in  disciplining  the  mind  to  a 
wise  severity  in  the  conduct  of  analysis :  and  daily  observation 
shows  the  evil  effects  of  its  absence.  Yet,  it  can  never  be 
said  that  chemists  have  so  much  need  of  a  mathematical  edu- 
cation as  physicists,  because  they  do  not  need  it  as  an  instru- 
ment in  daUy  use,  but  as  an  intellectual  preparation  for  the 
rational  study  of  nature.  As  to  astronomy,  we  have  seen 
that  it  constitutes  the  most  perfect  tyx)e  of  the  study  of  nature ; 
and  this  at  once  establishes  its  relation  of  superiority  to  che- 
mistry.    The  more  complex  the  phenomena,  the  more  im- 
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portant  is  the  influence  of  such  a  model ;  and  it  is  only  by 
having  always  before  their  eyes  such  an  exemplification  of  the 
true  spirit  of  natural  philosophy,  that  chemists  can  rightly 
estimate  the  inanity  oi  the  metaphysical  explanations  which 
vitiate  their  doctrine,  and  can  acquire  an  adequate  sense  of 
the  true  character,  conditions,  and  destiny  of  chemical  science. 
Under  tins  point  of  view,  astronomy  is  more  useful  to  che- 
mists than  even  physics,  in  proportion  to  the  superiority  of  its 
method. 

T  T»k   *  1  ^^  much  for  the  sciences  which  precede  che- 

ToFhytioiogy.  ^^^     ^^  j^y  thosc  that  foUow,  physiology 

depends  upon  chemistry  both  as  a  point  of  departure  and  as  a 
principal  means  of  investigation.  If  we  separate  the  pheno- 
mena of  life,  properly  so  called,  from  those  of  animality,  it  is 
clear  that  the  firot,  in  the  double  intestinal  movement  which 
characterizes  them,  are  essentially  chemical.  The  processes 
which  result  from  organization  have  peculiar  characteristics; 
but  apart  from  such  modifications,  they  are  necessarily  sub- 
jected to  the  general  laws  of  chemical  effects.  Even  in  study- 
ing living  bodies  under  a  simply  statical  point  of  \dew,  che- 
mistry is  of  indispensable  uscf  in  enablmg  us  to  distinguish 
with  precision  the  different  anatomical  dements  of  any  or- 
ganism.— ^^Ve  shall  sec  hereafter  that  the  new  science  of  Social 
Physics  is  subordinated  to  chemical  science.  In 
o  ogy.  ^1^^  g^^  place,  it  depends  on  it  by  its  immediate 
and  manifest  connection  ^rith  physiology :  but,  besides  that, 
as  social  phenomena  are  the  most  complex  and  particular  of 
all,  their  laws  must  be  subject  to  those  of  all  the  jircceding 
erdcrs,  each  of  which  manifests,  in  social  science,  its  own 
pecidiar  influence.  In  regard  to  Chemistry  especially,  it  is 
evident  that  among  the  conditions  of  man's  social  existence 
several  chemical  harmonies  between  man  and  external  circum- 
stances are  involved.  Even  if  individual  existence  could  be 
sustained,  society  could  not,  if  these  harmonies  were  destroyed, 
or  even  only  somewhat  disturbed, — as  by  changes  in  the  at- 
mospheric medium,  or  in  the  waiers  or  the  soil. 

The  position  of  Chcmistiy 'among  the  sciences 
ii^wrf^^n.  ^"8  ^^^*  determined,  the  next  inquiry  is  about 
'  the  degree  of  scientific  perfection  that  its  nature 
admits,  in  comparison  with  others.  As  for  the  method,  if 
physics  suffers  from  the  intrusion  of  hypotheses,  we  may  say 
that  chemistry  has  been  their  absolute  prey,  thr9ugh  its  more 
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difScult  and  tardy  development.  The  doctrine  of  aj 
appears  to  me  more  ontological  than  that  of  fluids  an 
gmary  ethers.  If  the.  dcctric  fluid  and  the  luminoui 
are,  as  I  called  them  before^  materialized  entities,  affinb 
at  bottom  pure  entities,  as  vague  and  indeterminate  ai 
of  the  scholastic  philosophy  of  the  Middle  Age.  Tt 
tended  solutions  tliat  they  yield  are  of  the  usual 
character  of  metaphysical  explanations, — ^a  mere  J°^ 
reproduction,  in  abstract  terms,  of  the  statement  ^^ 
of  the  phenomenon.  The  advance  of  chemical  knowledge 
must  at  last  discredit  for  ever  such  vain  philosophy  has 
only  modified  it,  so  far  as  to  disclose  its  radical  futility, 
affinities  were  regarded  as  absolute  and  invariable,  the 
at  least  something  imposing  in  them;  but  since  &ct 
compelled  the  belief  of  their  being  variable  aocordin 
multitude  of  circumstances,  their  use  has  only  tended  to 
more  and  more,  their  utter  inanity.  Thus,  for  instanc 
known  that  at  a  certain  temperature,  i^n  decomposes 
or  protoxide  of  hydrogen :  and  yet,  it  has  been  since 
vcred  that,  under  the  influence  of  a  higher  temperatu 
drogen  in  its  turn  decomposes  oxide  of  uon.  What  si| 
in  this  case,  any  order  of  affinity  that  we  may  asa 
iron  and  hydrogen  with  oxvgen?  If  we  make  theord( 
with  the  temperature,  we  have  a  merely  verbal,  and  th 
pretended  explanation.  Chemistry  affords  us  now  man 
cases,  apparently  contradictory,  independently  of  the  Ion] 
of  decisive  considerations  that  have  made  us  reject  a 
affinities, — ^the  only  ones,  after  all,  that  have  any  scientii 
sistency  whatever.  The  old  habit  is,  however,  so  stroi 
evcu  Bcrthollet,  in  the  very  work  in  which  he  ovcrthrc 
old  doctrine  of  invariable  or  elective  affinities,  proposei 
affinities  under  many  modifications.  The  strange  doct 
predisposing  affinity  is  to  be  found  in  the  work,  among 
of  the  most  rational  of  recent  chemists,  the  iUustrioi 
zcUus.  AVhcn,  for  instance,  water  is  decomposed  b 
through  the  action  of  sulphuric  acid,  so  as  to  disengs 
hydrogen,  this  remarkable  phenomenon  is  commonly  att 
to  the  affinity  of  the  suljihuric  acid  for  the  oxyde-  i 
which  tenth  to  become  formed.  Ncjw,  can  anything  I 
gined  more  metaph}^sical,or  more  radically  incomprch< 
than  the  s^nnpathetic  action  of  one  substance  upon  i 
which  does  not  yet  exist,  and  the  formation  of  the  last 
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tne  of  tilis  mysterious  affection?  The  strange  fluids  of  phy- 
sicists are  rational  and  satisfactory  in  comparison  with  such 
notions.  These  considerations  justify  the  desire  that  chemists 
should  have  a  suflScient  training  in  mathematical^  astronomical^ 
and  then  in  ph^ical  philosophy,  which  have  already  put  an 
end  to  such  chmiericid  researches  witliin  thdr  own  domain, 
and  woidd  discard  them  speedily  from  the  more  complex 
parts  of  natural  philosophy.  It  is  only  hy  haA^ng  witnessed 
the  purification  in  the  anterior  sciences  that  chemists  could 
realize  it  in  their  own:  and  there  coidd  not  he  complete 
positivity  in  chemistry  if  metaphysics  lingered  in  astronomy 
or  physics.  This,  again,  justifies  the  place  assigned  to  che- 
mistry among  the  sciences.  The  indiridual  must  foUow  the 
general  course  of  his  race  in  his  passage  to  the  positive  state. 
He  must  find  that  true  science  consists,  everywhere,  in  exact 
relations,  established  among  obsen*ed  facts,  allowing  the  de- 
duction of  the  most  extensive  series  of  secondary  phenomena 
from  the  smallest  possible  number  of  original  phenomena,  put- 
ting aside  all  vain  inquiry  into  causes  and  essences.  And  this 
is  the  spirit  which  has  to  be  made  preponderant  in  chemistry, 
— dissolving  for  e\'er  the  metaphysical  doctrine  of  affinities. 

The  inferiority  of  chemistry  to  physics,  in  re- 
Ijj^^  imper-   ^^^  ^^  method  and  doctrine,  explains  its  relative    ^ 

imperfection  with  regard  to  actual  science.    We 
have  only  to  compare  with  the  formula  which  told  us  what 
chemistry  ought  to  be  what  it  actually  is,  to  see  that  it  is  at  an 
immense  distance — much  further  than  physics — ^from  its  true 
scientific  aim.     Chemical  facts  are  at  this  day  esscntiaUy  in- 1 
coherent,  or,  at  best,  feebly  co-ordinated  by  a  small  number! 
of  partial  and  insufficient  relations,  instead  of  those  certain,' 
extended,  and  uniform  laws  of  wliich  physics  is  so  justly  proud. 
As  for  prerision,  if  it  is  imperfect  in  physics  in  comparison  ] 
with  astronomy,  it  can  liardl;^  be  said  to  exist  in  chemistry  at  j' 
all:  the  issue  of  each  chemical  event  being  usually  known 
only  by  specially  consulting  the  immediate  experiment,  when, 
as  it  were,  the  event  is  already  accomplished. 

Imperfect  as  chemistry  is,  in  regard  to  method    , 
^i^"\^     and  doctrine,  it  is  yet  superior  to  physiology,  and 

still  more,  to*  social  science,  not  only  because, 
from  the  comparative  simplicity  of  its  phenomena,  the  facts 
and  investigations  are  dearer  and  more  decisive,  but  because 
it  has  a  few,  though  very  few,  real  theories,  capable  of  afford- 
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ing  oompletc  previsions;  a  thing  as  yet  impracticable,  except 
in  a  general  manner,  with  living  bodies.  We  shall  have  occa- 
sion to  notice  the  theory  of  pro]X)rtions,  the  equivalent  of 
irhich  is  not,  in  any  sense,  to  be  looked  for  in  physiology. 
We  must  remember,  while  estimating  the  comparative  imper- 
fection of  the  sciences,  tlutt  the  importance  to  us  of  their  per- 
fection is  in  proportion  to  their  simplicity ;  our  available  means 
being  always  found  to  correspond  with  our  reasonable  wants. 
I  hope,  too,  that  this  se\xre  estimate  of  the  actual  state  of 
each  science  will  stimulate  rather  than  discourage  the  student ; 
for  it  is  more  gratifying  to  our  human  activity  to  conceive  of 
the  sciences  as  susceptible  of  vast,  varied,  and  indefinite  pro- 
gress, tlian  to  suppose  them  perfect,  and  therefore  stationary^ 
except  in  their  secondary  developments. 

This  leads  us  to  consider  the  function  of  Chemistiy  in  the 
education  of  the  human  mind. 

It  may  be  said  to  train  us  in  the  great  art  of 
experimentation:  not  as  being  our  exclusive  ^^*^JJ^^* 
teacher,  for,  as  we  have  seen,  physics  is  superior  !«««»• 
to  it  in  this :  and  it  is  more  the  art  of  observing  than  of  ex- 
perimenting that  Chemistry  is  chiefly  distinguished  for.  But 
there  is  an  important  part  of  the  positive  method  which  che- 
mistry seems  destined  to  carry  to  the  highest  n^ection.  I 
do  not  mean  the  theory  of  classifications,  of  which  chemists 
know  too  little  at  present ;  but  the  art  of  rational 
nomenclatures,  which  is  quite  unconnected  with  ^Itrau*""'*^ 
classifications.  Since  the  reform  iu  chemical 
language,  attempts  have  been  incessantly  made,  to  this  hour^ 
to  form  a  sj'stematic  nomenclature  in  anatomy,  in  pathology^ 
and  especially  in  zoolc^ :  but  these  endeavours  have  not  had, 
and  never  can  have,  any  success  to  compare  with  that  of  the  re- 
formers of  chemical  language;  for  the  nature  of  the  pheno- 
mena does  not  admit  of  it.  It  is  not  by  accident  that  the 
chemical  nomenclature  is  alone  in  its  perfection.  The  more 
complex  phenomena  are,  and  the  more  varied  and  less  re- 
stricted the  comi)arisons  of  objects,  the  more  difficult  it  be- 
comes to  subject  them  to  a  system  of  denominations,  at  once 
rational  and  abridged,  so  as  to  facilitate  the  habitual  combi- 
nation of  ideas.  K  the  organs  and  tissues  of  the  linng  body 
diffci-cd  only  from  one  point  of  view ;  if  maladies  were  suflS- 
cicntly  defined  by  their  scat;  if,  in  zoology,  genera,  or  at  least 
families  coiild  be  established  by  a  homogeneous  consideration, 
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the  corresponding  sdences  might  at  once  admit  of  systematic 
nomenclatures  as  rational  and  as  efficacious  as  that  of  Che- 
mistry. But  the  di^'ersity  of  aspects,  rarely  reducible  to  one 
head,  renders  such  an  arrangement  extremely  difficult  and  not 
very  advantageous. 

The  case  of  chemistry  is  the  oidy  one  in  which,  by  its  na- 
ture, the  phenomena  are  simple,  uniform  and  determinate 
enough  to  allow  of  a  rational  nomenclature  at  onoe  dear, 
rapid  and  complete,  so  as  to  contribute  to  the  general  progress 
of  the  sdenoe.  The  idea  of.  composition,  the  great  end  of  the 
science,  is  always  preponderant.  Tlius,  the  systematic  name 
of  each  body,  expressing  its  composition,  indicates  first  a  cor- 
rect general  \'iew,  and  then,  the  sum  of  its  chemical  history ; 
and,  by  the  nature  of  tlie  science,  the  more  it  advances  towards 
perfection,  the  more  must  this  double  property  of  the  nomen- 
clature be  developed.  In  another  %icw,  dualism  being  the 
commonest  constitution  in  chemistry,  and  the  most  essential, 
and  that  to  which  all  other  modes  of  composition  are  more 
and  more  referred  by  science,  we  see  that  the  conditions  of  the 
problem  arc  as  favourable  as  possible  to  a  rapid  and  expressive 
nomenclature.  Thus,  there  has  always  been  some  system  of 
nomenclature,  more  or  less  rough,  though  none  to  be  com- 
pared to  tliat  so  happily  founded  by  Guytou-Mon-eau.  Though 
the  art  can  manifest  its  excellence  ouly'in  proportion  to  the 
advance  of  chemistry,  it  is  in  such  harmony  with  the  nature 
of  the  science  that,  in  its  present  imperfect  state,  it  upholds 
it,  by  pronsionally  supplying,  as  it  were,  the  almost  absolute 
deficiency  of  true  rationality.  Tims  chemistry  may  be  regarded 
as  specially  adapted  to  dcvelope  one  of  the  few  fundamental 
means,  the  aggregate  of  which  constitutes  the  general  power 
of  the  human  mind.  The  formation  of  a  similar  aid  in  the 
more  complex  sciences  offers  a  real  and  strong  interest :  and  I 
have  only  desired  to  show  that  we  must  resort  to  chemistry 
for  the  true  principles  and  general  spirit  of  the  art  of  nomen- 
clature, according  to  the  rules  so  often  set  forth  in  this  work, 
that  each  great  logical  artifice  should  be  directly  studied  iu 
the  department  of  natural  philosophy  where  it  is  found  in  the 
greatest  perfection,  that  it  may  be  afterwards  applied  in  aid  of 
the  sciences  to  which  it  less  specially  belongs. 
Sfat^  of  '^^^^  '^^S^  philosophical  properties  of  Chemistry 

diotnic&l  are  more  striking  in  regard  to  doctrine  than  to 

doctrine.  method.  HoMcvcr  imperfect  our  chemical  science 
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is,  its  development  has  operated  largely  in  the  en 
of  the  human  mind.  Its  opposition  to  all  theolo^ 
sophy  is  marked  hy  the  two  general  facts  in  vhi 
share  with  all  the  rest  of  positive  philosophy, — fin 
vision  of  phenomena,  and  next,  our  voluntary  mo^ 
them.  We  have  already  seen  that  the  more  the 
of  phenomena  baffles  our  prevision,  the  greater  Ix 
power  of  modifying  them,  tlirough  the  variety  ol 
afforded  by  the  complexity  itself;  so  that  the  anti- 
influence  of  science  is  infallible,  in  the  one  way  oi 
In  chemistry,  our  modifying  power  is  so  strouj 
greater  part  of  chemical  phenomena  owe  their  e 
human  intervention,  bv  which  alone  circiunstancc 
suitably  arranged  for  their  production :  and  if  the  ] 
of  physiology  and  social  science  admit  of  modificati 
greater  degree,  chemistry  will  always,  in  this  parti 
the  first  rank,  since  the  highest  order  of  modificati 
which  wc  here  find, — those  which  are  most  import 
amelioration  of  tlie  condition  of  Man.  In  the  sys 
action  of  man  upon  nature,  chemistry  must  ever  b 
as  the  chief  source  of  power,  though  all  the  fu 
sciences  participate  in  it  more  or  less. 

In  this  way,  chemistry  effectually  discredits  th( 
tlie  rule  of  a  providential  wiU  among  its  pheuon 
tluTc  is  aiiotlirr  uay  iii  winch  it  acts  no  le^s  sti 
afjulishing^  the  idea  uf  dcstnictioii  and  creation 
Ik' lore  aw)  thin^f  wiis  knuwu  of  |^a;scoiis  material i 
iluetii,  iiiatiy  striking  appearances  must  incvitabl; 
jipii't'tl  the  idea  of  the  red  uunilniation  or  produetii 
ter  in  tlic  general  system  of  nature.  These  ideas 
yield  to  the  true  eoiieeption  of  deeoniiK>sition  and  c 
lill  ue  hud  decoini>oscd  air  and  water,  and  thei 
vegetable  and  animal  suhs^tanccs,  and  then  finishc 
analysis  of  alkalies  and  earths^  tlins  exhibiting  the 
tal  pniiciplc  of  tlje  judefniitc  peqietnity  of  matter 
plienomt'iia,  the  elieniical  cxauii  nation  of  not  onl; 
stanci^s  of  living  Ijudies^  but  their  functions, — imp< 
yet  is, — must  east  a  stron^y^  light  uijon  the  ecouor 
nature  by  showing  that  no  organic  uuitter  radica 
gcneous  to  inorganic  nnitter  can  exists  and  that  vitji 
matious  aix;  suhjeet,  like  aU  othei*s,  to  the  nnivcn 
ehmnical  jdienotnena.  Chemical  analysts  seems  tc 
filled  lis  function  in  this  diicction:  hcnedbith  it  i 
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the  more  diflBcult,  but  more  luminous  method  of  synthesis 
that  this  great  philosophical  revolution  must  be  completed : 
and  attempts  enough  have  been  successfuUy  made  to  prove  the 
possibility  of  it. 

The  dinsions  of  the  science  have  not  been 
^J^^JJJj^"      clearly  and  permanently  settled,  partly  because 

of  its  very  recent  origin,  and  partly  on  account 
of  its  nature.  In  the  first  place,  students  have  been  more 
occupied  in  multiplying  observations  than  in  classifying  them ; 
and  in  the  next,  the  homogeneous  character  of  chemical  phe- 
nomena causes  essential  differences  to  be  less  profound,  and 
therefore  less  marked,  than  in  any  other  of  the  fundamental 
sciences.  In  astronomy,  there  can  be  no  question  of  a  divi- 
sion into  geometrical  and  mechanical  phenomena.  Physics  is 
less  a  unique  science  than  a  group  of  almost  isolated  sciences ; 
and  they  indicate  their  own  arrangement.  We  shall  see 
hereafter  that  nearly  the  same  thing  happens,  though  firom  a 
different  cause,  in  physiolc^.  But  in  chemistry,  the  condi- 
tions are  less  favourable,  the  distinctions  being  scarcely  more 
marked  than  those  which  exist  in  a  single  department  of 
physics, — as  thcrmol<^,  and  yet  more,  electrology.  The  im- 
perfection and  small  importance  of  its  present  divisions  are 
easily  explained :  and  there  are  strong  symptoms  of  an  ap- 
proaching discussion  of  this  great  subject ;  for  the  majority 
of  eminent  chemists  are  more  or  less  dissatisfied  with  the 
proAdsional  division  which  they  have  been  hitherto  obliged  to 
accept  as  guidance  in  their  labours. 

The  general  division  of  orgame  and  inorganic 
d«n^iT^        chemistiy  cannot  be  sustained,  on  account  of  its 

endent  irrationality.  What  is  at  present  called 
organic  chemistry  has  an  essentially  bastard  character,  half 
chcmiod,  half  physiological,  and  not,  in  fact,  either  the  one 
or  the  other,  as  we  shall  have  occasion  to  see.  The  division 
cannot  even  be  sustained  under  another  form,  as  equivalent 
to  the  general  distinction  between  cases  of  dualism  and  of 
other  composition.  For  if  inorganic  combinations  are  usually 
binary,  there  are  some  which  arc  composed  of  three  elements 
and  even  of  four;  while,  conversely,  we  vcir  often  meet  \d^\ 
a  true  dualism  in  bodies  which  arc  called  organic.  For  a 
Principles  of  gcn^^c  division  we  must  look  to  general  ideas 
eonipMition  relating  to  composition  and  decomposition;  and 
And  dvcom-  in  this  form,  attending  to  the  rule  of  following 
pMition.  ^^  gradual  complication  of  phenomena :  first. 
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the  growing  plunKtr  of  oonstitiient  principles 
immodiate),  according  as  the  combinations  are 
naiT,  etc ;  and  seoondlT,  the  higher  w  lower  dq 
position  of  the  immediate  principles,  eadi  of  wj 
in  the  case  of  a  continual  dualism)  be  deoomposj 
others,  for  a  greater  cur  smaller  number  of  consc 
Though  eadi  of  these  two  points  of  view  is  of 
tance,  the  preponderance  of  the  one  w  the  otl 
agreed  unon  brfore  the  rational  division  of  chcn 
organiaed.  Though  this  is  not  the  place  to  disc 
question  of  high  chemical  philosophy,  it  may  be 
that  I  regard  it  as  scdved ;  and  that  the  omside 
degree  of  composition  is,  in  my  eyes,  evidently 
that  of  the  number  of  elements,  inasmuch  as  it 
profoundly  the  aim  and  spirit  of  chemical  science, 
been  eliaractcriDed  in  this  ekaptcr.  As  for  the  n 
thp  deriJiiiou  may  l)c,  \vc  may  remark  tliat  the  t' 
riouf^  iliffcr  from  each  otlicr  much  Jess  than  we  n 
be  tempted  to  suppose ;  for  they  necessarily  con 
in  the  pix^limbian'  or  in  the  fiii^  c&b^,  and  divci^ 
lilt crmcd late  parts. 

We  ha\e  now  reviewed  the  natnjre  and  spirit 
sscitnce;  the  means  of  investi^atiou  proper  to 
ei»e\(4o|M^lica]  ]>o$itionj  the  khid  and  degree  of 
whieh  it  h  ^usct^ptible;  its  plkiJosophical  projiert 
to  metho*!  and  to  doctrine ;  and,  finally,  the  mod 
n  liicli  would  l>e  suitable  to  it.  \Ve  must  complel 
of  the  science  by  a  ?;j)ceial  and  direct  notice  of  tl 
liiJ  doitrinc^  which  have  liccn  tliscloscd  by  tJic 
develapmcnt  of  chemical  philosophy.  It  roust 
Ix^rcfl  that  the  object  of  this  work  is'  not  to  prcsc 
ou  eacli  ^^ience,  or  to  enlfirj^  upon  it  in  prop 
pn>i>cr  imiKjrtanee^  or  the  midtipHeity  of  its  f 
aiiccrtaiu  its  relative  imijortancc,  as  one  head  of  ; 
losophy.  No  one  ivill  exi>ect  that  ehemiea]  phUo 
present  state,  can  be  cxaminetl  here  aa  fully  or  i 
as,  for  instano?,  astronomical  philosophy,  the  j 
which  admits  of  a  mctho<Heal  aualjsiis/clear  at 
thougrli  summary,  such  as  befits  that  immutable 
tuml  philosophy. 
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IXOBGAl^IC  CHEMISTRY. 

Whatever  may  be  the  principles  of  division  and 
S^S   classification  preferred  in  the  general  system  of 

chemical  studies^  it  is  agreed  by  almost  all  che- 
mists that  the  preliminary  and  fundiunental  study  should  be 
the  successive  and  continuous  history  of  all  the  simple  bodies. 
The  plan  of  M.  Chcvreul  is  an  exception  to  this,  his  method 
being  to  proceed  at  once  from  the  study  of  each  element  to 
all  the  combinations,  binary,  ternary,  etc.,  that  it  can  form 
with  those  already  examined ;  confining  himself,  however,  to 
compounds  of  the  first  order.  This  plan  has  the  advantage 
that  simple  bodies  are  more  completely  known  from  the  be- 
ginning than  by  the  usual  method,  which  scatters  through  the 
different  parts  of  the  science  the  most  important  chemical 
properties  of  each  of  them.  But,  on  the  other  hand,  the 
iiistory  of  any  clement  remains  incomplete;  a  factitious  in- 
equality is  established  among  chemical  researehes  into  diffe- 
rent demeutary  substances;  and  the  didactic  inconvenience 
which  M.  Chcvreul  proposed  to  escape  seems  to  be  unavoid- 
able, under  any  method.  On  no  plan  can  any  chemical  Iiistory 
be  com])leted  by  a  first  study.  The  pronsional  information 
obtained  by  a  first  study  must  be  followed  by  a  remion  which 
allows  us  to  take  into  consideration  the  whole  series  of  phe- 
nomena relative  to  each  substance.  The  question  is  merely 
a  didactic  one,  only  of  secondary  importance  in  this  work, 
though  of  great  practical  interest.  On  any  scheme,  it  re- 
mains certain  that  the  preliminar}'  study  of  elementary  sub- 
stances is,  by  the  nature  of  the  science,  die  necessax^^  founda- 
tion of  chemical  knowledge. 

On  account  of  the  considerable  and  always  increasing  num- 
ber of  substances  regarded  as  simple,  some  modem  philosophers, 

possessed  with  the  notion  of  the  simplicity  and 
JJj^lJ]  economy  of  nature,  have  concluded  a  prion  that 

most  substances  must  be  the  various  compounds 
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of  a  much  smaner  number  of  others.  But,  wliile  endeavour- 
ing to  conceive  of  nature  under  tlie  simplest  aspect  possible, 
we  must  do  so  under  the  teaching  of  her  own  phenomena^  not 
substituting  for  tliat  instruction  any  tliougliUess  desires  of 
our  own.  We  liave  no  right  to  presume  beforehand  that  the 
number  of  simple  substances  must  be  either  very  small  or  veir 
large.  Chemiod  research  alone  shoidd  settle  this ;  and  afi 
that  we  are  entitled  to  say  is  that  our  minds  are  disposed  to 
prefer  the  smaller  number,  even,  if  it  were  possible,  so  far  as 
there  being  but  two.  But  not  tlie  less  are  we  bound  to  sup- 
pose all  substances  which  have  never  in  any  way  been  decom- 
posed to  be  simple,  though  we  should  not  pronounce  them  to 
be  for  ever  undecomposable.  All  chemists  now  admit  this 
rule  as  the  first  axiom  of  sound  chemical  philosophy. 

Aristotle  first  saw  this  rule,  though  he  did  not  conceive  of 
its  rational  grounds.  His  doctrine  of  the  four  elements, 
popularly  cried  down  in  our  time,  should  be  judged  of  as  the 
first  attempt  of  the  true  pliilosophical  spirit  to  conceive  of  the 
composition  of  natural  bodies,  amidst  the  then  existing  defi- 
ciency of  all  suitable  means  of  research.  To  appreciate  it  we 
must  compare  it  with  anterior  notions.  Now,  up  to  that  time, 
all  the  schools,  howe\'er  they  might  differ  about  other  things, 
agreed  that  there  was  only  one  elementary  substance;  and 
their  dispute  was  about  the  choice  of  the  principle.  Aristotle, 
^rith  his  rational  character  of  mind,  put  an  end  to  all  those 
ban*en  controversies  by  establishing  the  plurality  of  elements. 
Tliis  immense  progress  must  be  considered  the  true  origin  of 
chemical  science,  wliich  would  be  radically  impossible  on  the 
supposition  of  a  single  element,  excluding  all  idea  of  compo- 
sition and  decom}X)sition.  Whatever  appearances  may  be;, 
there  is  no  doubt  that  it  must  be  much  more  difficult  for  the 
human  mind  to  pass  from  the  absolute  idea  of  unity  of  prin- 
ciple to  the  relative  idea  of  plurality,  than  to  rise  gradually, 
by  means  of  research,  from  the  four  elements  of  Aristotle  to 
tlie  fifty-six  simple  bodies  of  our  chemistry  of  this  day.  Our 
Naturists,  who  are  all  for  simplicity  and  economy  without 
caring  much  for  reality,  have  no  right  to  appeal  to  the  au- 
thority of  Aristotle,  who  had  so  much  reverence  for  reality 
as  to  infringe  the  notion  of  simplicitv  wliich  he  found  prevail- 
ing. They  should  go  liack  further  than  Aristotle, — ^to  Empe- 
docles  or  Heraclitus,  and  attain  the  utmost  simplicity  at  once, 
by  admitting  only  a  single  principle. 
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Otbcr  philosophers,  among  whom  was  Cuvier,  have  objected 
to  the  simplicity  of  most  of  the  elements  now  admitted  by 
chemists,  that  some  of  them  seem  to  be  extremely  abimdant 
in  nature,  while  others  are  scantily  and  partially  distributed : 
whereas,  it  seems  natural  to  presume  that  the  different  ele- 
ments must  be  almost  equally  diffused  throughout  the  globe, 
and  that  therefore  chemical  analysis  will  sooner  or  later  prove 
the  rare  ones  to  be  compound  substances,  requiring  peculiar 
and  rare  influences  for  their  formation.  It  would  be  enough 
to  say  that  the  presumption,  though  plausible,  is  nothing  more 
than  a  presumption :  but  it  may  be  added  that  we  know  no- 
thing of  our  planet  beyond  the  upper  strata ;  and  we  can  form 
no  prejudgment  of  the  composition  of  the  whole.  It  would 
be  too  much  to  say  that  there  should  be  an  equality  of  elements 
on  the  surface,  even  the  probability  being  the  other  way ;  for 
the  heaviest  elements  are  the  rarest  at  the  surface,  and  the 
commonest  are  those  which  go  to  the  composition  of  living 
bodies ;  and  the  probability  is  strong  that  the  preponderance 
is  reversed  in  the  interior  of  the  globe,  to  make  up  the  mean 
density,  which  is  not  to  be  found  among  the  solids,  liquids,  and 
gases  which  are  required  for  the  existence  of  life.  Thus  the 
objection  seems  to  be  converted  by  chemical  analysis  into  a 
sort  of  confirmation. 

Since  the  time, — ^recent,  it  is  true, — of  the  decomposition 
of  the  elements  of  Aristotle,  there  has  not  been  a  single  in- 
stance of  a  substance  havuig  passed  from  the  dass  of  simple 
to  that  of  compound  bodies,  while  the  inverse  case  has  been 
firequent.  Yet,  no  chemist  disputes  the  possibility  of  a  re- 
duction of  the  elements  by  a  more  thorough  analysis ;  for 
chemical  simplicity,  as  it  is  to  us,  is  a  purely  negative  quality, 
not  admitting  of  those  irreversible  demonstrations  proper  to 
positive  compositions  and  recompositions.  The  great  general 
example  of  substances  called  organic,  the  chemical  theory  of 
which  is  so  complex,  notwithstanding  the  small  number  of  tlicir 
elements,  might  lead  us  to  suppose  that  such  a  reduction  would 
not  be,  after  all,  so  very  great  an  advantage :  but  in  this  case, 
the  difficulty,  seems  to  me  to  be  rcfcrrible  to  the  deficiency 
of  duality.  Not^ritlistanding  this  example,  we  cannot  but 
think  that  chemistry  would  become  more  rational  and  more 
systematic,  if  the  elements  were  fewer,  fiK)m  the  closer  and 
more  general  relation  which  must  tlicn  subsist  among  the 
different  classes  of  phenomena.     But  the  apjiareut  pcrfcc- 
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ition  could  be  only  barren  and  illusory  if  \rc  were  1 
it  by  conjecture  antieipatuig  the  real  progress  of 
analysis. 

This  profusion  of  elements  has  naturaUy  led 
to  endeavours  to  classify  them.    The  high  im-   ^ 
portance  of  the  question  has  become  manifest 
through  the  deep  persuasion  that  the  rational  classii 
simple  bodies  must  determine  tliat  of  compound  si 
and  therefore  that  of  the  \i'hole  chemical  system, 
principle  to  be  laid  down  is  that  the  hierarchy  of  e 
substances  is  not  to  be  determined  only  b^  thdr  pro 
tial  characters^  but  bv  the  less  direct  consideration  oi 
cipal  phenomena  of  the  compounds  which  they  form, 
this  requisition^  the  dassificatiou  woidd  have  litt] 
interest ;  for  it  would  be  of  small  consequence  in 
Tcntional  order  we  studied  fifly-six  bodies  all  indcj 
each  other :  whereas^  with  its  proper  condition,  thi 
is  as  important  as  auy  that  chcmiod  philosophy  can 

The  oM  dii  ision  of  the  elements  iiito  the  comb 
comhus^tiljlc,  (thos-c  ^vllich  biirii  La  the  active  and  ill  i 
scuReJ^auJ  the  suWivisioii  of  tlies*  into  met^Hcs 
tuctuUics.  arc  evidently  too  aj'lifieial  to  Ijc  maintaiiK 
piio\  liiioMally,  For  many  ycai*s,  endeavours  have  I 
to  snjifi^'dc  it  J  hut  no  irrcvemblc  classification  hiL 
obtained.  31,  Ampere  seems  to  luivc  been  the  first  wl 
out  the  neces:sity  ;  and  lie  prnpo^d  a  ^y^teiu  in  18: 
iras  not  one  Mhieh  induced  the  chemi:sts  to  abai 
ancient  distributiun,  the  binary  stnictnrc  of  whicl 
ew  of  ai>i)lieation,  whatever  might  uthcrwisc  be  i' 
A  lew  years  after,  licrzelins  ottered,  in  a  simple  m 
incidental  form  and  manner,  a  fai^  snpcrior  system  i 
cation.  He  first  undei-stood  the  uceessity  of  rising 
a  uniqne  series*,  eonb-titnling,  by  a  unifonB  and  pre 
chnnicter,  a  true  hierarchy;  whereas^  JI.  Anipt'rc 
tlie  im|jortanee  of  natural  groups,  which  might  be  s 
co-ordinated.  Both  eoi editions  ai^c  inipo&c<l  by  tli 
theory  of  classifications;  bnt  that  which  Berzelius  1 
|u  view  if*  nncjucstionably  BUiMiTior  to  the  other;  and 
in  the  present  case,  vvlien  the  small  nninljcr  of  obji 
classified  renders  the  formation  of  groujw  a  matter  i 
aiy  impoitanee,  iJro\idi.il  the  scnes  be  naturally  ard 

Jl.  Jkrzelins^s  cunceptiou  is  grounded  on  the  ^ 
consideration  of  dectro-chetnical  phcuomeaa*  Its    o 
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simple  and  lucid  principle  is  that  the  elements  are  to  be  so 
disp(»ed  as  that  each  shall  be  electro-negative  to  those  which 
precede  it,  and  dcctro-positive  to  those  which  follow  it. 
The  series  thus  derived,  appears,  thus  far,  to  be  in  conformity 
with  the  whole  of  the  known-  properties  of  both  the  elements 
themsdves  and  their  principal  compounds.     It  is  too  soon 
however  to  speak  decisively  of  this :  and,  on  the  other  hand, 
the  chemical  preponderance  of  electric  characters  is  by  no 
means  so  logically  established  as  to  compel  us  to  seek  the  bases 
of  a  natmral  classification  in  that  order  of  phenomena.    It 
must,  it  seems  to  me,  be  clearly  proved,  at  the  outset,  that  the 
point  of  departure  is  a  real  one, — that  is,  that  a  constant  order 
of  electrization  exists  among  the  different  elements,  which  is 
maintained  under  aU  conditions  of  exterior  circumstances,  of 
aggregation  and  decompositipn :  but,  not  only  has  this  never 
been  adequately  undertaken,  but  there  is  some  reason  to  appre- 
hend that  its  result  would  be  opposite  to  the  proposed  prin- 
dple.    ^^^latever  may  be  the  issue  of  future  labours,  Berzelius 
has  secured  the  eternal  honour  of  having  first  exhibited  the 
true  nature  of  the  problem,  and  the  aggregate  of  its  prindpal 
conditions,  and  perhaps  the  order  of  ideas  in  which  its  solution 
is  to  be  sought.  Whenever  this  solution  is  obtained,  chemistry 
will  have  made  a  great  stride  towards  a  truly  rational  state : 
for  under  a  hierai^y  of  the  elements,  the  systematic  nomen- 
daturc  of  compound  substances  will  almost  suffice  to  give  a 
first  indication  of  the  general  issue  proper  to  each  chemical 
event;  or,  at,  least  to  restrict  the  imccrtainty  ^rithin  narrow 
limits.    Yet,  through  this  very  connection  of  such  a  research 
with  the  whole  of  chemical  studies,  I  do  not  think  it  can  be 
efficadously  pursued  while  we  separate  it,  as  has  hitherto 
been  done,  from  the  general  question  about  the  establishment 
of  a  complete  system  of  dicmical  dasdfication  for  all  bodies, 
simple  and  compound.    Now,  this  great  question  seems  to  me 
at  present  premature.    The  preliminary  oondi- 
Pjnn**«»        tions,  both  of  method  and  of  doctrine,  arc,  as  we 
^'^  have  seen,  far  frt>m  bdng  completed.    As  such 

a  general  system  of  classification  must  constitute  both  the 
summing  up  and  the  fundamental  view  of  the  whole  of  che- 
mical philosophy,  I  shall  further  expand  my  idea  about  it  in 
this  place. 

Bcquiiitenra-  ^  *^  ^^®  method,  it  requires  perfecting  in 
paration  m  to  two  ways,  for  wliich  chemists  must  resort  to  phy- 
"'^^  siology.    They  must  understand  the  fundamental 
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theory  of  natural  classifications^  which  can  be  oh 
uhcrc  else :  and  they  must,  for  the  same  reason,  st 
same  school  the  general  spirit  of  tlie  comparative 
which  dicmists  have  ver}"  little  idea,  and  without  1 
can  never  proceed  properly  in  search  of  a  rational 
tion.  These  two  improvements  must  be  derived  f 
gical  philosophy ;  the  one  to  lay  do^vn  the  problem  c 
classification,  and  the  other  to  undertake  its  solutio 
be  by  percci\ing  these  harmonies  and  mutual  a 
among  the  sciences  commonly  treated  as  isolated  an 
dent,  that  pliilosophcrs  in  all  departments  will  at 
come  aware  of  the  reality  and  utility  of  the  fundan 
ccption  of  this  work ;  the  cultivation  of  the  diffcreu 
of  natural  philosophy  under  the  impulsion  and  din 
general  system  of  positive  philosophy,  as  a  commoi 
uniform  connection  of  all  scientific  labours.  We 
idea  what  we  lose  by  the  narrow  and  irrational  spiri 
the  different  sciences  are  cidti\'atcd,  and  especially  t 
to  method.  When  the  great  scientific  relations  of 
shall  be  regularly  organized,  men  will  scarcely  be  a1 
ginc,  otherwise  than  historically,  that  the  study 
could  ever  have  been  conceived  and  directed  in  any 

As  to  the  doctrine,  we  have  seen  that  the  desired  . 
classification  cannot  take  place  till  we  have  settled 
the  preponderance  of  the  one  or  the  otlier  consic 
the  onlcr  of  comix)sition  of  the  immediate  principl 
degree  of  plurality.  Now,  such  a  problem  has  no 
rationally  proposed.  If  we  suppose  it  resolved,  ad 
rulu  ^v}>lcU  1  tliink  altnost  iiu'on testable^  as  1  cxplai 
uf  tiratinj^  tlic  tli^t  jHjiut  of  view  as  nccesisarily  sujk 
socoud,  i\e  nni^t  still  uttnul  tn  t^vo  s?iH^ci:il  cotnliti 
uc  r^ni  |iiYic'i  c'd  to  the  rational  const  ruction  of  tli< 
chemical  sul>!^tanccs- 

Bv  tljc  ^m  of  these  e€mlitioiis,  we  mmt  dis- 
m\^^  t!ie  irrational  disitivKniou  of  ^ul>staiiccs  into 
or^^aiiic  and  inor*,^anic.  AVe  shall  t^ee  hereafter  tl 
chemist n^  nmst  noun  dissolve,  parting  \\h\i  fomc  c 
tious  to  ehemistry  projxTj  and  others  tn  pliysiolo^ 
any  eomhi  nation  u  snseeptihle  of  a  ehcmieal  exan 
^ust  l)e  subjected  to  a  fixtnl  order  of  homo^^eneous 
tionw,  ^v  hat  ever  may  have  Ihth  its  origin  and  mode  i 
^xistenee,  with  whieh  chemistry  lias  nothing  to  do, 
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source  of  infonnation.  As  long  as  any  dassification  must  be 
adapted  to  the  strange  oonccptiou  of  a  sort  of  double  dicmistry^ 
established  upon  a  false  division  of  substances^  it  must  be  pre- 
carious and  artiiidal  in  its  details,  because  it  is  Wtiated  in 
prindple.  Tlie  evil  is  felt,  as  is  sliown  more  and  more  by  the 
tendency  to  refer  organic  combinations  to  the  general  laws 
of  inoi*ganic  combinations :  but  it  \i'ould  not  be  enough,  as 
might  be  supposed,  that  a  distinguished  chemist  diould  take 
the  initiative,  in  a  large  and  direct  manner,  to  accomplish 
this  important  reform.  Such  a  work  demands  a  sjx^cial  and 
difficult  operation,  requiring  a  delicate  combination  of  the 
chemical  and  physiological  point  of  new,  in  order  to  make  a 
true  dinsion  of  what  should  remain  with  chemistry,  and 
what  should  return  to  physiology. 

Tlie  second  condition  is  doscly  connected  with 
^^^*!  the  first.  Itrcquires  that  all  combinations  should, 

^"  '  '  if  possible,  be  submitted  to  the  law  of  dualism, 
erected  into  a  constant  and  necessary  principle  of  chemical 
philosophy.  Great  as  would  be  such  an  improvement  in  the 
way  of  simplification  of  chemical  conceptions,  it  must  how- 
Gvcr  be  admitted  that  it  is  not  so  uidispcnsable  to  dassification 
as  the  preceding.  Without  the  first  condition,  rational  classi- 
fication would  be  impossible:  whereas,  it  might  take  place, 
with  imperfection  and  difficulty,  without  the  second.  As  for 
the  prospects  of  the  ease,  the  tendency  to  improvement  is  as 
real  and  marked  in  the  one  case  as  the  other;  as  any  one  may 
obscne  for  himsd£ 

It  is  of  the  more  importance  to  set  the  eonsi- 
«nalTrfi*^        deration  of  the  order  of  composition  of  immediate 

principles  above  that  of  then*  degree  of  plurality, 

as  before  proposed,  because  the  first  is,  by  its  nature,  clear  and 

.  incontestable,  while  the  other  is  always  more  or 

^J^^  less  oljscure  and  dubious.    The  one  is,  in  fact,  the 

simple  apprcdation  of  an  analytical  or  syuthetical 
fact :  the  second  has  dways  a  certain  hypotlietical  character, 
since  we  then  pronomice  upon  the  mode  of  agglomeration  of 
demcntary  partides;  which  is  a  thing  radicsdly  inaccessible 
to  us.  Thus,  for  example,  a  chemist  may  establish  with  cer- 
tainty that  such  or  such  a  salt  is  a  com]x>imd  of  tlie  second 
oixlcr,  and  that  certain  adds  and  alkdies  are,  on  the  contrary, 
of  the  first  onler;  for  analysis  and  synthesis  can  demonstrate 
that  each  of  the  last  bodies  is  composed  of  two  elementary 
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gubstanccsy  and  that^  on  tlic  contrair^  the  immcdii 
of  the  salt  arc  decomposable  into  two  clcraeuts.  Bi 
view^  when  the  analysis  of  any  substance  has  est 
existence  in  it  of  three  or  four  elements,  as  in  th< 
getable  or  animal  matters,  we  cannot,  without  res 
thesis,  pronounce  that  this  combination  is  rcall, 
quaternary,  instead  of  being  simply  binary :  for  y 
assert  that  we  could  not,  by  a  preliminary  analysii 
than  this  final  one,  resolve  the  proposed  substai 
immediate  principles  of  the  first  order,  each  of  v 
be  further  susceptible  of  a  new  binary  decomposit 
If  an  unskilled  chemist  should  at  this  day  a 
strong  means  to  the  analysis  of  saltpetre,  the  n 
authorize  him,  following  our  present  erroneous  j 
conceive  of  this  substance  as  a  ternary  combina 
gen,  azote,  and  potassium :  and  yet  we  know  that 
elusion  would  be  false,  as  the  substance  may  be  < 
structed  by  a  direct  combination  between  nitr 
potash,  which  might  have  been  separated  by  a  la 
an«ilysis,  without  occasioning  their  dccompositioi 
we  know  that  it  may  not  be  so  with  every  combi 
tually  classed  as  ternary  or  quaternary?  Immc 
sis  being  as  yet  so  imperfect  in  comparison  vnih 
analysis,  especially  with  regard  to  these  substanc 
be  rational  to  proclaim,  for  the  time  to  come,  i 
and  eternal  impotence  with  regard  to  them  ?  Sue 
seem  to  be  founded  on  a  confusion  between  thes 
of  analysis,  so  really  different  in  themselves,  and 
terized  in  their  operations  by  delicacy  in  the  c 
energy  in  the  other. — One  important  considerat 
to  the  synthetical  point  of  view,  is  evidence  of  tl 
K:t\V(X'n  tlic  twri  fiinuyM's  :  auti  tliiil  iSj  tlic  cNtrer 
if  tic^t  imjiossiljility,  of  vmlynig^  h\  giyiithcsis  tl 
rr^ults  iircj[H'r  to  thc^^  siibst;int;es.  We  liavc  seen 
iliatc  syiJ thesis  is  iisuully  very  easy,  wliile  elenicii 
^is  is  searcely  ^mieticaljle.  Thus^  reeiiiroeally,  it ; 
rafiunal  to  suppose  tliat  wlieu  tlie  recoinjK)-sitioi; 
cflcetctl^  the  analysis  has  not  \kvii  immethutc, — 
110  otlu^r  ohjection  to  sneh  a  coiichision.  For  i 
t^xliihit  the  iini>ossihility  of  reprotlnein^  by  synthe? 
flnd  aiiiniiJ  snbstancL-si ;  and  this  has  Ix^'u  even 
Sort  of  empirieal  jn-inciijlo,  Bnt  is  not  thii^  i 
o\iing  to  our  persisting  in  an  elcuicntarj  t^ynthcs 
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ought  to  proceed  by  an  immediate  synthesis^  the  materials  of 
nrhieh  might  in  many  cases  be  discovered  beforehand  ?  This 
remark  is  true  inith  regard  to  a  multitude  of  combinations 
the  dualism  of  which  is^  ho\revcr,  very  certain,  with  the  sole 
difference  that  the  immediate  principles  are  better  known.  If 
we  tried  to  recompose  saltpetre  by  directly  combining  oxygen, 
azote,  and  potassium,  we  should  succeed  no  better  than  in  re- 
producing organic  substances  by  tlirowing  together  their  three 
or  four  elements :  the  obstacles  which  we  admit  in  the  last 
case  apply  equaUy  to  the  first.  The  most  striking  achieve- 
ment is  that  of  M.  Wochler,  in  producing  the  animal  sub- 
stance urea.  He  could  not  have  done  this  if  he  had  tried, 
according  to  tlie  common  prejudice,  to  combine  directly  oxy- 
gen, hydrogen,  carbon,  and  azote,  which  concur  in  the  ele- 
mentaiy  constitution  of  tliis  substance,  instead  of  uniting 
only  its  two  immediate  principles,  till  then  unkno^^n  in  this 
quality.  Is  there  any  reason  to  suppose  that  it  is  otherwise 
in  any  other  ease?— It  appears  then  that  chemists  will  be 
safe  in  attributing  an  entire  generality  to  the  fundamental 
principle  of  the  dualism  of  all  combinations,  under  the  one 
easy  condition  of  regarding  as  still  very  imperfect  the  analy- 
sis of  substances  exceeding  the  binary  composition ;  and  espe- 
cially the  substances  called  organic,  the  true  immediate  prin- 
ciples of  which  would  thus  remain  to  be  discovered.  These 
principles  can  be  conceived  of  only  by  imagining  a  considera- 
ble number  of  new  binary  combinations,  of  the  first  and  se- 
cond ordei's,  between  oxygen,  hydrogen,  carbon,  and  azote : 
and  the  realization  of  tliis  may  seem,  in  the  present  state  of 
our  knowledge,  almost  impossible.  But  we  have  no  right  to 
conclude  it  to  be  so,  while  our  analytical  procedures  arc  what 
they  are ;  and  there  is  no  scientific  objection  to  our  supjxwing 
that  there  may  be  many  more  direct  and  binary  combinations 
among  the  elements  of  ternary  or  quaternary  substances  than 
chcinistr}'  has  yet  established. 

It  must  he  obscr\'ed,  however,  that  universal  and  indefinite 
dualism  cannot  he  maintained  unless  chemists  will  scientifi- 
caUy  determine  the  sense  of  the  word  substance;  that  is,  re- 
strict it  to  mean  real  combination:  for  it  would  be  easy  to 
cite,  and  especially  in  physiological  chemistr}%  very  marked 
cases  of  the  defect  of  duaUsm.  But  we  cannot  regard  as  a 
true  chemical  substance  an  accidental  assemblage  of  heteroge- 
neous substances,  whose  agglomeration  is  endcntly  mechani- 
cal, such  as  bap^  blood,  a  biliary  calculus,  etc,  uidcss  we  con- 
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found  the  notion  of  dissolution,  and  even  of  mixture,  nith 
that  of  combination.  If  we  extend  in  this  way  the  use  of  the 
term  suMance,  so  valuable  in  chemistry,  we  might  as  well 
treat,  as  so  many  chemical  substances,  the  waters  of  different 
seas,  different  mineral  waters,  soils,  etc. :  and  even  more,  arti- 
ficial mixtures  of  a  variety  of  salts  dissolved  together  in  water 
or  alcohol.  We  shall  sec  hereafter  that  all  difficulties  in  this 
subject  may  be  disposed  of  by  our  learning  that  thev  proceed 
from  our  not  ha\ing  clearly  and  rigorously  separated  the  che- 
mical from  the  physiological  point  of  new.  We  may  be 
assured  that  the  most  elementary  notions  of  chemical  philo- 
sophy cannot  be  rationally  established,  in  their  due  clcamesSy 
generality,  and  stability,  without  being  foimdcd  on  a  foil  com- 
parison M-ith  biology ;  a  comparison  which  can  be  oi^niiced 
only  under  a  complete  system  of  positive  philosophy. 

Meantime,  there  is  a  marked  tendency  in  the  present  move- 
ment of  chemical  ideas,  towards  a  complete  oualism.  The 
inci*easing  assimilation  attempted  1)etween  oi^anic  and  inor- 
ganic substances  is  an  indirect  advance  in  that  road:  but 
mucli  more  striking,  in  this  new,  arc  experiments  like  those 
of  M.  Wcchler,  which  refer  the  most  refractory  compounds  to 
dualism,  cither  by  analysis  or  synthesis.  A  binary  formula 
is  adopted,  too,  to  represent  the  proportion  of  elements  proper 
to  the  most  complex  substances :  and,  though  this  is  not  a  true 
dualism,  it  helps  to  prepare  minds  for  the  establishment  of  a 
real  and  general  one.  The  sum  of  what  has  been  said  on  this 
important  subject  of  chemical  dualism  is  this : — ^thc  real  mode 
of  agglomeration  of  elementary  particles  is,  and  ever  must  be, 
unkno\ni  to  us,  and  therefore  no  proper  object  of  our  study ; 
— our  positive  researches  Ix^iiig  thus  circumscribed,  we  may 
rationally  conceive  of  the  immediate  composition  of  any  sub- 
stance as  binary ;  but  so  as  to  represent  all  the  phenomena 
that  chemistry  can  offer  to  us,  in  any  future  state  of  perfec- 
tion. Thus,  I  do  not  proix>se  universal  dnalism  as  a  law  of 
nature ;  for  this  we  could  ncA'cr  establish :  but  I  declare  it  to 
be  a  fundamental  artifice  of  true  chemical  philosophy,  destined 
to  simplify  our  elementary  conceptions,  by  using  our  optional 
intellectual  liberty  in  accordance  ^nth  the  true  end  and  aim 
of  positive  chemistry. 

These  are  the  conditions  nccessar}'  to  the  institution  of  a 
system  of  natural  classification,  answering  in  chcnistry  to  the 
univcival  hicmrchy  of  living  bodies  in  biology,  if  the  compli- 
cation  of  phenomena  would  admit  of  our  obtaining  such  a 
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system.  Up  to  this  time^  perhaps  no  one  has  formed  an  ade- 
quate idea  of  the  nature  and  spirit  of  such  an  operation  :  but, 
iu  my  \iew,  chemical  classification,  thus  conceived  of,  is  the 
sdcuce  itself,  condensed  into  the  most  substantial  summary. 
All  I  claim  tcf  have  done  is  to  have  introduced  into  chemical 
science  the  special  kind  of  philosophical  spirit  which  is  natu- 
rally developed  by  biol<^cal  science,  as  it  has  been  conceived 
of  by  all  its  great  masters,  from  Aristotle  doituwards. 

It  is  because  I  have  high  expcetions  of  what  Chemistry  will 
become,  that  I  attach  so  much  importance  to  the  preceding 
discussion.  The  science  is  now  weak  and  desultory,  notwith- 
standing its  rich  collection  of  facts :  but,  extended  and  com- 
plex as  it  is,  there  is  no  fundamental  science,  except  astro- 
nomy, whose  phenomena  are  so  homogeneous,  and  therefore 
so  fit  for  a  true  systematization,  in  the  positive  spirit.  Now, 
this  future  constitution  of  chemical  science  must,  it  seems 
to  me,  consist  in  a  complete  system  of  natural  classification, 
which  cannot  be  obtained  till  all  combinations,  whatever  their 
origin,  are  subjected  to  a  fixed  order  of  homogeneous  con- 
siderations, and,  on  the  other  hand,  constantly  referred  to  a 
fimdamentid  dualism. 

We  cannot  form  any  certain  expectation  of  the  future  con- 
dition of  Chemistry  from  its  present  state :  but,  before  pro- 
ceeding to  examine  the  two  doctrines  which  at  this  day  ap- 
proach nearest  to  positive  rationality, — that  of  definite  pro- 
portions and  the  electro-chemical  theory, — ^I  will  indicate 
two  points  of  doctrine  which  seem,  by  their  nature,  to  indi- 
cate with  precision  the  true  dogmatic  formaticm  towards  which 
the  science,  as  a  whole,  must  tend. 
'  Law  of  doable  First,  there  is  the  great  law  of  double  saline 
lalinc  dccom-  decompositions,  discovered  by  Bcrthollet,  and 
positions,  completed  by  M.  Dulong's  investigations  on  the 

reciprocal  action  of  soluble  and  insoluble  salts.    The  case  of 
double  solubility,  considered  by  Bcrthollet,  is  this :  two  solu- 
ble salts,  of  any  kind,  mutually  decompose  each  other  when- 
c^'cr  their  reaction  may  produce  an  insoluble  salt,  or  one  less 
soluble  than  cither  of  the  two.    This  theorem  stands  first 
among  general  propositions  in  chemistry,  and  is  the  only  onc^ 
which  can  as  yet  give  an  exact  idea  of  what,  in  chemistry,  Y 
constitutes  a  true  law.     It  has  all  the  diaractcrs  of  a  law :  it ' 
relates  to  the  proix^r  subject  of  chemical  science ;  it  establishes 
a  relation  between  two  classes  of  phenomena  before  indeix^n- 
dent;  aud,  above  all,  it  admits  of  prension  of  phenomena 
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according  to  their  positive  relations.  In  establishing  this 
law^  BcrthoUct  escaped  some  metaphysical  snares,  rejecting 
hj-potheses  of  affinities;  but  he  fell  into  one  when  he  at- 
tempted to  explain  the  law  which  he  liad  just  discovered.  No 
law  can  be  explained  otherwise  than  by  shotting  tliat  it  enters 
into  another,  more  general  than  itself:  but  this  law  of  Ber- 

*  thoUct's  is  alone  of  its  kind;  and  it  therefore  admits  of  no 
explanation.  It  may  hereafter  be  attached  to  a  fundamental 
theory  of  the  reciprocal  action  of  all  compounds  of  the  second 
order ;  and  such  a  relation  will  truly  explain  it :  but  at  pre- 
sent it  is  simply  a  general  fact  which,  inexplicable  itself,  senses 
to  explain  each  of  the  particular  facts  which  it  comprehends. 

The  influence  of  air  and  water  in  the  produc-   chemical 
tiou  of  chemical  phenomena  is  another  of  the   theor)  of«ir 
most  perfect  doctrines  of  chcmistiy  as  it  stands.   ^^  ^'^^^' . 
The  importance  of  the  action  of  air  and  water  in  the  terres- 

]  trial  economy  has  induced  some  German  philosophers  irra- 
tionally to  set  up  the  system  of  these  two  fluids  into  a  sort  of 
third  reign,  between  the  inorganic  and  the  oi^nic :  but  ab- 
stract chemistry  has  nothing  to  do  with  natural  historj',  and 
regards  the  study  of  air  and  water  from  a  diflferent  point  of 

;         ricw,  while  aware  of  its  fundamental  importance. 

\  All  chemical  phenomena  take  place  in  the  presence  of  air; 

and  they  almost  invariably  require  the  inter\'ention  of  water : 
it  is  clear  therefore  that  before  we  study  any  chemical  reaction, 
we  must  be  able  to  analyse  the  participation  of  these  two  fluids. 
Thus  the  chemical  theory  of  air  and  water  is  a  sort  of  necessary 

]         introduction  to  the  system  of  chemistry,  properly  so  called, 

,  as  belonging  more  to  method  than  to  doctrine,  and  as  immedi- 
ately following  the  study  of  simple  bodies.    It  is  an  historical 

]  fact  that  the  double  analysis  of  air  and  water  marked  the  first 
great  advance  in  modem  chemistry. 

The  influence  of  the  air,  not  less  important 
than  that  of  water  in  chemical  phenomena,  was^  '^' 

!         less  difficidt  to  characterize :  for  the  air  is  simply  a  mixture, 

I  and  its  chemical  action  is  merely  that  of  the  gases  which 
compose  it,  each  of  which  acts  as  if  it  were  isolated,  allowing 
for  the  diminution  of  intensity  from  its  difliision,  and  for  the 

■  very  few  eases  in  which  the  accomplishment  of  the  pro)x>8ed 
phenomenon  determines  the  combination  of  the  gases  in  an 

j  accessor}'  way.     Cliemistry  has  only  to  analyse  it,  leavhig  all 

.  other  study  of  it  to  the  department  of  natural  history.     This 

I  analysis  was  eflfcctcd  in  the  early  days  of  niodcm  chcmistw. 
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exoqit  that  there  is  still  some  uncertainty  about  the  propor- 
tion of  carbonic  acid  gas,  and  perhaps  of  some  other  more 
considerable  principles,  as,  for  instance,  hydrogen,  the  esust- 
euce  of  which  begins  to  be  generally  suspected.  Though  no 
appreciable  change  in  the  composition  of  the  atmosphere  has 
taken  place  within  half  a  century,  it  is  impossible  to  conceive 
that  some  alteration  must,  not  happen,  in  some  direction,  in 
course  of  time,  among  the  many  perturbing  influences  which 
act  upon  the  mixture.  Tlicir  antagonism,  and  that  of  vegeta- 
ble and  animal  action,  'partly  neutralizes  them :  but  the  equi- 
libriiim  cannot  be  precise  and  continuous.  Geological  con- 
siderations and  botanical  fossils  lead  us  to  suppose  that  at 
some  remote  periods  the  composition  of  the  air  must  have 
been  sensibly  dificrcut :  and  chemists  themsdves  have  actually 
established  some  slight  periodical  variations,  dependent  on  the 
proportion  of  carbonic  acid  at  difierent  seasons.  Our  analy- 
tical resources  arc,  however,  very  imperfect  with  regard  to 
the  accessory  principles  of  the  atmosphere;  for  chemists  can 
ascertain  nothing  of  the  distinctions  which  arc  proved  to  exist 
in  the  best-marked  localities,  by  their  influences  on  li\'ing 
beings.  The  study  of  these  variations,  all-important  in  its 
way, — even  as  possibly  iudicatmg  the  limits  of  human  life  in 
a  remote  future, — ^belongs  to  natural  history;  and  that  is 
probably  the  reason  why  chemists  trouble  themselves  so  little 
about  it :  and  if  there  is  neglect,  it  should  be  charged  upon 
the  naturalists.  It  is  true  that  a  preparation  is  rcquiixxl  for 
their  order  of  study,  like  all  others, — a  provision  of  knowledge, 
rising  from  physiology  to  astronomy  itself:  but  the  research 
is  not  especially  a  matter  of  chemical  duty. 

Tlic  study  of  water  requires  much  more  ex- 
Water,  tended  and  complex  researches  than  that  of  the 
air ;  and  it  is  indispensable  to  the  general  system  of  chemical 
science :  for  water  being  a  real  ct)mbination,  and  perhaps  the 
most  perfect  known  to  us,  may  exercise  chemical  effects  pro- 
per to  itself,  independently  of  those  attributable  to  its  ele- 
ments, and  apart  from  its  imix)rtancc  as  a  solvent, — to  say 
nothing  of  it  as  a  simple  mixture.  TIius  tliere  are  three 
aspects  under  which  water  must  be  considered  by  chemists, 
all  distinct  and  all  essential;  and  the  appreciation  of  them 
has  been  slow  and  difficult,  if  even  we  may  say  that  this  fun- 
damental examination  is  yet  complete. 

Tlie  analysis  of  water,  represented  by  a  quantity  of  hydro- 
gen double  in  volume  tliat  of  oxygen,  and  unquestioiiably 
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confirmed  by  sjiithesis,  is  the  finest  of  the  early  discoveries  of 
modern  chemistry,  not  only  from  the  light  it  casts  npon  the 
whole  of  chcmionl  phenomena  and  the  general  economy  of 
nature,  but  also  from  its  conquest  of  prodigious  difficulties. 
In  regard  to  the  first  new,  chemical  science  leaves  nothing  to 
desire.  Yet,  a  notion  has  arisen,  in  recent  times,  of  the  ex* 
istenee  of  a  new  and  more  highly  oxygenated  combination 
between  the  two  elements  of  water,  which  may  raise  some  in- 
tei'csting  questions,  not  about  tlie  irreversible  composition  of 
water,  but  about  the  kind  of  chemical  influence  which  is  taken 
for  granted  in  its  decomposition  and  rccomposition  in  a  mul- 
titude of  phenomena;  and  especially,  about  the  true  mode  of 
union  of  oxygen  and  hydrogen  in  all  substances,  and  above  all 
in  liquids,  which  cannot  be  obtained  without  water.  Some 
doubts  have  lately  been  proposed  about  tliis,  which  seem  to  me 
to  desen'c  mature  examination. 

The  dissolving  action  of  water  has  been  the  subject  of  a 
long  series  of  laborious  researches,  much  less  difficult,  and 
not  far  from  complete.  Yet  more  attention  ought  to  be  paid 
than  is  paid  to  the  fine  experiment  of  Vauquelin,  in  whieli  it 
is  shown  that  water,  saturated  vrith  one  salt,  remains  capable 
of  recci\ing  anotlier,  and  even  acquires  by  that  the  singular 
property  of  dissolriug  a  new  quantity  of  the  first.  This  ex- 
l)criment,  which  has  ixH^n  in  a  manner  despised,  seems  to  me 
of  the  first  onler  in  its  way,  and  a  fit  basis  of  a  scries  of  inter- 
esting researches  about  the  apparently  capricious  laws  of  solu- 
bility, tlic  study  of  which  is  yet  essentially  empiricd. 

Chemists  were  long  in  conceiving  that  water,  besides  bdng 
a  solvent,  might  act  in  a  really  chemical  manner,  otherwise 
than  by  its  elements.  It  seemed  as  if  a  combination  so  emi- 
nently neuter  must  be  inoficnsive,  and  inojx^rative,  except  by 
its  dccomix)sition.  "It  was  Proust  who  thought  that  this  ;ieu- 
trality  itself  afforded  a  presumption  of  certain  chemical  afiec- 
tions,  independently  of  its  composition.  This  was  tlie  rational 
consideration  which  led  him  to  create  the  important  study  of  the 
hydrates^  rcganled  as  a  sort  of  new  salts,  in  which  water  plays 
the  pait,  with  regard  to  the  alkalies,  of  a  kind  of  hydric  acid. 

The  examination  of  these  combinations,  and  of  all  others 
that  water  can  form  with  any  substances  vrithout  being  de- 
composed, constitutes  the  third  and  last  part  of  the  funda- 
mental study  of  water,  regarded  as  an  indisjx^usable  prelimi- 
nary to  the  general  system  of  chemical  studies. 

p  3 
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CHAFfER  III. 

D0CTBD7E  OF  DEFINITE  PBOPORTIONS. 

There  are  two  general  doctrines  in  chemistry,  as  it  now  exists, 
which  present  a  systematic  appearance,  and  invest  the  science 
with  such  rationality  as  it  has  attained.  The  first  of  these  is 
the  important  doctrine  of  Definite  Proportions. 

Even  if  this  doctrine  were  complete,  it  could 
®^Jg!^  *^  exert  only  a  secondary  influence  on  the  solution 
of  the  great  problem  of  the  science, — ^the  study 
of  the  laws  of  the  phenomena  of  composition  and  decompo- 
sition. The  essential  question  is,  what  separations  and  new 
combinations  must  take  place  under  determinate  circum- 
stances; and  the  theory  of  definite  proportions  affords  no  as- 
sistance to  this  kind  of  pre^nsion.  It  proceeds,  indeed,  on  the 
supposition  that  the  question  is  already  solved ;  and  that  it  is 
to  be  taken  as  the  point  of  departure  for  tlie  estimate  of  each 
of  tlic  new  products,— of  their  quantity  and  the  proportion  of 
their  elements.  Thus,  the  theory  of  definite  proportions  pre- 
sents the  singular  scientific  chai*actcr  of  rendering  rational, 
in  its  numerical  details,  a  solution  which  usually  remains  em- 
pirical in  its  most  important  aspect. 

It  was  natural  that  the  founders  of  modem  chemistry 
should  have  attended  to  the  laws  of  composition  and  decom- 
position, in  preference  to  a  study  which  they  regarded  as  sub- 
ordinate; and  it  was  natural  also  that,  as  the  advance  of 
science  cUsdoscd  to  them  the  vast  difficulties  of  the  main  pro- 
blem, they  sliould  attend  moi-e  and  more  to  the  seoonoary 
study,  which  promised  an  easier  and  more  speedy  success. 
But  the  most  important  oflSce  of  this  subordinate  theory, — 
that  of  supplying  the  defect  of  immediate  experiment, — can 
be  but  very  imix^rfectly  fulfilled,  while  it  is  regarded  apart 
from  the  principal  theory ;  and  thus,  the  doctrine  of  definite 
proix)rtions  will  nc\'er  acquire  its  fidl  scientific  value  till  it 
18  connected  with  an  luiquestionable  basis  of  chemical  laws, 
of  which  it  will  be  the  indispensable  numerical  complement. 
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Meanwhile,  lio\i-e\*cr,  it  affords  a  real,  though  secondary  as- 
sistance to  chemists,  in  rendering  their  analyses  more  easy  and 
more  precise.  Moreover,  it  restricts  the  number  of  cases  of 
combination  logically  possible,  by  exhibiting  the  very  small 
number  of  distinct  projjortions;  and  by  thus  diminishing  the 
uncertainty  in  cases  of  chemical  action,  it  is,  in  fact,  a  natu- 
ral prelimmary  to  the  establishment  of  those  chemical  lan^s  to 
which  it  will  l)c,  under  another  view^  a  necessary  supplement. 

In  regard  to  doctrine,  this  theory  offers  a  per- 
fect type  of  the  precise  kind  of  rationality  wliich  -^t<>"«*n«^ 
must  hereafter  belong  to  Chemistry  as  a  whole.  In  regard  to 
method,  the  inquirers  who  have  devoted  them- 
selves to  establish  the  theory  have  advanced  che-  ^  ^^oasthod. 
mical  science  while  appearing  to  diverge  from  it ;  simplifying 
the  vast  problem  which  their  successors  will  sol^'e,  and  pre- 
paring for  the  disclosure  of  the  great  laws  of  composition  and 
decomposition,  which  would  be  undiscovcrable  amidst  tlie  infi- 
nity of  products,  if  substances  could  combine,  within  certain 
Umits,  in  all  imaginable  proportions.  Such  are  the  claims  of 
this  theory,  as  to  doctrine  and  to  method. 

It  assumed  its  existence  and  present  form  dur- 
ing the  first  quarter  of  this  century :  and  it  arose  ^**  »»»*<>T- 
from  a  phenomenon  discovered  by  Richtcr,  and  a  s^xxnilative 
discussion  established  by  BcrthoUct. — During  the  latter  half 
of  the  last  century,  several  chemists  had  obscn^ed  that,  in  the 
mutual  decomposition  of  two  neutral  salts,  the  two  new  salts 
thus  formed  are  always  equally  neuter.  Bcrgmaun,  among 
others,  had  steadily  and  specially  dwelt  upon  this.  Yet  the 
fact  was  neglected  or  imderratcd  till  llichter,  at  the  end  of  the 
century,  generalized  tlie  obsen^ation,  saw  what  it  imported, 
and  derived  from  it  the  fundamental  law  which  bears  his 
name.  The  law  is  tliis :  that  the  ponderable 
quantities  of  the  different  alkalies  requisite  to  ^«^^^'*J«'^- 
neutralize  a  given  weight  of  any  acid  are  always  proportionate 
to  those  required  for  the  neutralization  of  the  same  weight  of 
every  other  acid.  This  is,  in  fact,  evidently  the  immediate 
consequence  of  the  maintenance  of  neutrality  after  the  double 
dccom^)08ition.  Such  a  transformation  woiild  appear  almost 
spontaneous  if  it  related  to  a  simpler  and  more  developed 
science  than  Chemistry ;  but  amidst  its  complications  and  the 
imperfection,  of  our  intellectual  habits,  the  closest  deductions 
arc  difficult  if  they  have  any  character  of  generality,  and 
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therefore  of  abstraction ;  and  this  achievement  of  Riehter's  is^ 
in  oouscquence,  eminently  meritorious^  on  other  grounds  than 
its  high  utility. — His  law,  \rith  the  complements  it  has  since 
received,  is  the  original  basis  of  the  general  doctrine  of  definite 
proportions.  It  exhibited,  in  the  case  of  a  considerable  number 
of  compounds,  the  great  end  of  this  doctrine ;  \\z.  the  as- 
signment to  every  substance  of  a  certain  chemical  coefficient, 
invariable  and  specific;  indicating  the  proportions  in  which  it 
can  combine  >rith  each  of  those  that  have  been  similarly  cha- 
racterized. When  it  had  been  determined,  by  a  double  scries 
of  trials,  what  was  the  numerical  composition  of  all  the  salts 
that  may  be  formed  by  any  one  acid  with  the  different  alkalies, 
and  any  one  alkali  with  the  different  acids,  Richter's  law  en- 
abled us  to  deduce  immediately  the  proportions  relating  to  all 
the  compounds  that  can  result  from  the  binary  combination 
of  these  two  orders  of  substances.  Richter  himself  braught 
his  discovery  up  to  tliis  result,  and  prepared  (but  on  a  basis  of 
experiment  too  narrow  and  imperfect)  the  first  table  of  what 
were  afterwards  called  cliemtcal  equivalents, 
.^        ^  These  neutral  salts  constituted  a  particular  case, 

raS^t^'*  which  could  hardly  have  led  on  to  a  geuei*al  theory 
of  definite  proportions.  Tlic  idea  of  jierfcct  neutra- 
lization must  probably,  at  all  times,  have  suggested  to  chemists 
that  of  a  single  propoi*tion,  on  either  side  of  which  the  neutrality 
must  be  destroyed ;  and  thus  the  neutral  salts  were  a  natural 
first  stage  of  the  general  theory ;  but  ihey  could  not  in  them- 
selves involve  such  a  theory.  It  was  BerthoUet  who  extended 
the  consideration  of  proportions  to  the  whole  of  chemical  phe- 
nomena. Some  ycai's  after  Richter's  discovery  he  established  as 
a  fundamental  principle,  in  his  '  Chemical  Statics,'  the  neces- 
sary existence  of  definite  proportions  for  certain  comix)unds  of 
all  orders;  and  he  assigned  the  essential  conditions  of  this  cha- 
racteristic property,  which  he  attributed  to  all  causes  which  can 
release  the  product  of  chemical  reaction,  as  it  forms,  from  the 
ulterior  influence  of  the  primitive  agents.  lie  thus  added  to 
Richter's  restricted  case  the  idea  of  a  great  number  of  cases 
subjected  to  the  same  principle,  and  able  to  lead  on  to  its  en- 
tire generalization.  It  is  assigning  much  too  little  honour  to 
Berthollct  to  recognize  only  the  influence  of  his  controversy 
^vith  Proust,  eminent  as  was  the  service  rendered  by  Proust  in 
that  conflict,  in  establishing  directly  the  general  principle  of 
determinate  and  invariable  proportions. 
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Sach  iras  the  double  origin,  experimental  and  speculatiTe, 
of  numerical  chcmistiy.  'Hie  next  development  h«*l  also  a 
double  character,  arising  from  the  harmony  be- 
twecn  the  conception  of  Dr.  Dalton  and  the  expe-  ^^^^2^1?*'^^ 
rimental  researches  of  Berzelius,  Gay-Lussac,  and 
Wollaston.  Tlie  inquiry  ^ras  in  a  nascent  state  when  Dalton's 
pliilosophic  mind  discemcd  its  possible  generality.  He  pro- 
posed the  great  Atomic  theor}',  under  wliich  the  doctrine  of 
definite  proportions  was  developed  to  the  whole  Atomic  tlicoiT 
extent  that  it  has  reached,  and  which  serves  as  ^^* 

the  basis  of  its  daily  application.  The  general  principle  of  the 
theory  is  this:  all  elementary  bodies  are  conceived  of  as 
formed  of  individual  atoms,  the  different  species  of  which 
unite,  generally  by  twos,  in  a  small  number  of  groups,  consti- 
tuting compound  atoms  of  the  first  order,  always  mechani- 
cally indivisible,  but  thenceforth  chemically  divisible,  and,  in 
their  tmn,  constituting  all  the  other  orders  of  composition  hv 
a  scries  of  analogous  combinations.  The  principle  is  in  sudh 
liaimony  with  scientific  conceptions  in  all  departments,  that  it 
appcai*ed  like  a  happy  generalization  of  the  most  familiar  ideas 
of  scientific  men  in  every  proWnce  of  natural  philosophy;  and 
its  universal  and  immediate  admission  took  place  as  a  matter 
of  course. 

It  was  obsened  by  Berzelius  that  the  deduction  of  the  ex. 
istcnce  of  definite  propoitions  from  this  principle  would  be 
illusory  if  the  combinations  were  not  restricted  to  a  very  small 
number  of  atoms :  for  othen\ise, — if  the  number  was,  though 
limited,  very  great, — the  binary  assemblages  would  be  so  mul- 
tiplied that  we  might  as  well  have  combinations  in  any  pro- 
portions whatever ;  and  then  the  atomic  theory  might  almost 
equally  well  represent  the  opposite  doctrines  of  definite  and 
indefinite  pro])ortion8.  Dalton  was  well  aware  of  this;  and 
the  restrictions  that  he  enmiciated  were  presently  declared  too 
narrow  by  his  successors,  who  found  that  they  would  not  com- 
prehend all  existing  combinations.  His  assertion  was,  that,  in 
every  combination,  one  of  the  immediate  principles  always 
enters  for  a  single  atom,  and  the  other  generally  for  a  single 
atom  also,  and  sdways  for  a  very  small  number,  rarely  exceed- 
ing six.  Taken  with  the  expansion  proposed  by  his  successors, 
the  atomic  conception  evidently  represents  the  entire  doctrine 
of  definite  pro[x)ii;ion8.  But  it  is  the  theory  of  successive 
multiples,  derived  from  the  primaiy  doctrine,  which  especially 
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distinguishes  Dr.  Dalton's  influence  upon  numerical  chemistry. 
From  the  ground  of  his  doctrine  he  easily  saw  that  if  two  sud- 
stanoes  can  combine  in  various  distinct  proportions,  the  pon- 
derable quantities  of  the  one  which  correspond,  in  the  different 
compounds,  to  the  same  weight  in  the  other,  must  naturally 
follow  the  series  of  whole  numbers,  since  these  compounds 
will  have  resulted  from  the  imion  of  one  atom  of  the  second 
substance  with  one,  two,  three,  etc.,  of  the  first :  and  this  con- 
stitutes a  principal  element,  then  perceived  for  the  first  time, 
of  the  theory  of  chemical  proportions. 

Berzelius  followed,  with  his  vast  experimental 

B^^  ^  ^^^y  ®^  ^^  ^^^^^  ^^  *^®  important  points  con- 
^  ccmcd  in  numerical  chemistry,  the  different  parts 
of  which  he  has  done  more  than  any  other  chemist  to  develope 
and  systematize.  He  first  perfected  Richtcr's  law,  so  as  to 
connect  it  closely  with  the  atomic  theory ;  by  which  it  became 
susceptible  of  the  extension  given  to  it  by  Berzelius  himself,  to 
all  compoimds  of  the  second  order.  But  tlie  most  important 
new  knowledge  has  arisen  firom  his  numerical  study  of  com- 
pounds of  the  first  order.  By  comparing  the  composition  of  the 
metallic  sulphurcts  and  that  of  the  corresponding  oxides,  he 
discovered  a  hw,  analogous  to  Richtcr's  in  regard  to  the  ^alts. 
This  law, — that  the  quantity  of  sulphur  of  the  first  is  always 
proportionate  to  the  quantity  of  oxygen  combined  with  a  like 
weight  of  the  base  in  the  second,— is  now  regarded,  by  in- 
duction, as  applicable  to  all  the  compounds  of  the  first  order 
to  which  the  same  decree  of  chemical  neutrality  is  assignable. 
And  again,  the  luminous  series  of  the  analyses  of  Berzelius 
have  precisely  verified  in  another  direction  the  law  of  succes- 
sive multiples  discovered  by  Dalton  in  pursuance  of  his  atomic 
theoiy. 

Gay-Lussac  followed,  with  the  valuable  nume- 
Sy j!S!L^  rical  analyses  he  effected  by  having  recourse  to 
gaseous  combinations,  considered,  not  as  to  weight, 
but  to  volume.  He  thus  not  only  verified,  in  a  special  manner, 
the  general  principle  of  definite  proportions,  but  presented  it 
under  a  new  aspect,  which,  by  a  ^isc  induction,  comprehends 
all  possible  cases, — showing  that  all  bodies  in  a  gaseous  state 
combine  in  invariable  and  simple  numerical  relations  of  volume. 
An  accessory  advantage  of  this  achievement  was  that  the  sjx^- 
cific  gravity  of  the  gases  might  be  obtained  with  a  precision 
often  comparable  to  that  of  experimental  estimate.    It  is  ne- 
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oessaiy  however  to  warn  inquiicn  notto  be  led  away,  in  their 
application  of  the  thconr  of  volumes  to  substances  which  have 
never  been  raporucd,  from  the  point  of  view  which  in  Gay- 
Lussac's  application  is  equivalent  to  Dalton\  as  adopted  by 
Biarseliiis. 

The  labours  of  Wollaston  bore  a  great  part  in   ^ -,^    , 
establishing  the  doctrine  of  definite  prqpcMrtions.    ^J^S^SL* 
I  do  not  refer  chiefly  to  his  transformation  of  the 
atomic  theory  into  that  of  chemical  equi\'alents,  though  it  has 
a  more  positive  character,  and  tends  to  restrain  the  student 
from  wandering  after  inaccessible  objects,  to  which  the  first 
might  tempt  him,  if  not  judiciously  directed.    The  sobstita- 
tion  would  be  of  high  value,  no  doubt,  if  it  were  not  less  a 
change  of  conception  than  an  artifice  of  language.    Nor  have 
I  in  view  the  ingenious  expedients  by  which  Wollaston  popu- 
larized numerical  chemistry  by  rendering  its  use  more  elcar 
and  convenient.   A  greater  service,  in  our  present  view,  was  his 
furnishing  us  with  the  indispensable  complement  of  Richter's 
discovciy,  by  establishing  the  theory  in  regard  to  the  acid  salts, 
since  extended  by  analogy  to  the  alkaline  salts.    The  case  of 
the  acid  salts  was  perhaps  the  most  unfavourable  possible  for 
the  ascertainment  of  the  principle  of  in%'ariable  proportions. 
Wollaston  effected  the  proof  in  the  most  satisfactory  manner; 
and  this  special  oonfinnation  of  the  principle  is  considered, 
from  its  nature,  the  most  deciave  of  alL 

Such  has  been  the  logical  and  historical  progress  of  the  re- 
searches which  have  constituted  numerical  chemistry  as  it  is 
now.   We  can  rcprcs^it  by  an  invariable  number,  appropriated 
to  each  o[  the  different  elementary  bodies,  their  fundamental 
relations  of  chemical  equivalence,  whence,  by  very  simple  for- 
mulas, immediately  expressing  the  laws  just  iudicatodj  we 
easily  pass  to  the  numerical  composition  proper  to  each  com- 
bination.   No  further  eridenoe  of  the  truth  of  the  doctrine  is 
needed,  tlian  the  fact  of  so  many  illustrious  inquirers  having 
attained  the  same  \iew  by  ways  which  each  one  ojx^ned  for 
himself,  and  all  agreeing  as  to  its  positive  application  to  all 
crises  of  importance,  diflcriug  only  as  to  the  mode  of  expres- 
sion of  the  results,  in  as  for  as  the  atomic  tiieory  left  it  inde- 
terminate,  and  thcrcfore  optional.    But  we  must  glance  at  the 
difficulties  thrown  in  the  way  of  its  application  by  a  considera- 
tion of  the  ag<^regate  of  chemical  phenomena,  in  order  to  form 
a  clear  idea  of  the  final  improvement  of  which  this  doctrine 
yet  stands  in  need. 
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Scope  of  appU-  Among  the  points  which  are  heyond  dispute^ 
cmtion  of  Nu-  it  is,  first,  evident,  and  no  chemist  has  ever 
mcricrf  Che-  doubtcd  it,  that  substances  diflTcr  as  much  in  the 
™"*'^*  proportion  as  in  the  nature  of  their  constituent 

principles.  It  is  an  axiom  of  chemical  philosophy  that  any 
change  whatever  in  the  numerical  composition  causes  a  change 
in  the  whole  of  the  specific  properties,  in  a  more  marked  de- 
gree as  the  alteration  is  greater.  Varied  and  gradual  above 
all  others  as  are  the  proportions  produced  by  the  chemical 
phenomena  proper  to  living  bodies,  they  aflbrd  a  striking  con- 
firroation  to  this  universal  maxim.  Therefore,  in  the  lowest 
stages  of  chemical  analysis,  chemists  have  always  endeavoured 
to  assign,  as  a  characteristic  property,  the  proportion  of  the 
dements  of  each  substance,  as  far  as  was  possible :  and  when 
this  was  omitted,  it  was  on  the  understanding  that  the  pro- 
posed combination  admitted  of  only  a  certain  proportion ;  as 
m  the  case  of  the  neutral  salts. 

Again,  it  has  long  been  acknowledged  that  there  always 
exists,  between  any. two  substances,  a  certain  minimum  and 
maximum  of  reciprocal  saturation,  beyond  or  short  of  which 
all  combination  becomes  impossible.  At  the  utmost,  certain 
variations,  themselves  restricted,  have  been  supposed  procur- 
able. Berthollet  established,  more  directly  than  any  one  else, 
the  general  and  necessary  existence  of  these  limits  of  com- 
bination,—one  of  the  principal  characters  which  distinguish 
it  firom  simple  mixture.  It  is  dear  that  the  two  extreme  de- 
grees of  all  combination  must  be  subject  to  spcdal  and  inva- 
riable proportions:  and,  as  all  agree  in  this,  all  argument 
about  the  opposite  doctrines  of  indefinite  and  definite  propor- 
tions is  reduced  to  the  question  whether  the  passage  fix>m  the 
minimum  to  the  maximum  of  saturation  can  be  effected  gra- 
dually and  almost  imperceptibly,  or  whether  it  takes  place  al- 
wavs  abruptly,  through  a  small  number  of  well-marked  degrees. 

Iliirdly,  the  possibility  and  actual  existence  of  intermoliary 
definite  proportions  are  admitted  by  all  chemists,  who  can  have 
no  other  dispute  than  about  the  greater  or  smaller  generality 
of  such  a  property.  We  have  seen  that  tlie  idea  of  neutrality 
must,  sooner  or  later,  bring  after  it  that  of  a  determinate  an^ 
unchangeable  proportion;  and  tlie  gradual  development  of 
chemical  knowledge  has  extended  this  character  to  more  and 
more  varied  cases.  Berthollet  disclosed  several  other  causes 
of  definite  pro|x>rtious,  which  were  entirely  misconceived  be- 
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fore  bis  time,  and  \rhich  may  meet  in  almost  all  cojm  bijiaa tjongy 

modi^nng  certain  circumstances  of  the  plieuomcnovm.      The  pre- 
cise question  now  is,  therefore^  vrlictlicr^  besides  tJjcae    doter. 
miuate  compounds,  subject  to  fixed  proportions,  ^writJxMMM.    tlie 
two  limits  of  possible  combination,  there  does  or    d€yc9    xio>t 
exist,  in  general,  a  continuous  scries  of  other  intdrxnoclijKte 
com)X)unds  of  a  less  marked  character;  in  a  word,   ^wlsctliear 
definite  proportion  constitutes  the  rule,  as  is  now  g^OEsoralijr 
supposed,  or,  as  Berthollet  endeavoured  to  establish,    ^lie    ex* 
ception.    This  is  now  the  only  dispute.     It  is  no  deno^^ation 
from  the  interest  of  the  doctrine  of  definite  proportions  t^>  saajr, 
as  some  preceding  considerations  compel  us  to  do,  tli.2E.^    ^be 
decision  of  this  disputed  point  is  not  of  the  importance  oozd-> 
monly  supposed.    The  doctrine  has  tended  to  simplify  the  s^^ 
ncral  problem  of  chemistry ;  but  it  must  not  be  supposed   ^b  jk^ 

the  solution  would  have  been  impossible  without  this  aid  r i^ 

would  have  been  simply  more  difficult  and  less  precise.  TImc 
eminent  chemists  who  concurred  in  establishing  the  doctruxo 
were  naturally  engrossed  by  that  labour;  but  their  successors,  I 

who  find  numerical  chemistry  constituted  to  their  hand,  mus^  ' 

beware  of  losing  sight  in  it  of  the  true  scientific  aim  of  che- 
mistry.   They  must  not  linger  in  this  vestibule  of  the  science^ 
to  the  neglect  of  the  direct  construction  of  Chemistry  itself^ — 
an  enterprise  scarcely  begun,  and  to  which  it  is  high  time  that 
attention  should  be  once  more  fiilly  directed. 

If  we  inquire^  as  we  must  do,  how  far. the  doctrine  of  defi* 
nite  proportions  is  irrevocably  established,  we  shall  bear  in 
mind  that  the  founders  of  numerical  chemistry  have  accom- 
plished that  chief  part  which  depends  on  an  investigation  of 
all  known  comix>unds,  leaving  only  the  question  whether  the 
doctrine  is  compatible  with  certain  chemical  phenomena,  neg- 
lected during  its  formation,  and  remammg  to  be  since  referr^ 
to  it. 

The  first  general  objection  relates  to  the  im-   ^  .    .       . 
portant  phenomenon    of  dissolution,  evidently   2S^\^ 
possible  m  an  infinity  of  different  proportions. 
It  must  be  acknowledged  that  the  distinctions  between  the 
state  of  dissolution  and  that  of  combination,  by  which  the 
difficulty  has  been  met,  afford  little  satisfaction.     In  my  opi- 
nion the  only  cflcctual  reply  must  consist  in  the  extension  of 
the  principle  of  definite  proi)ortioiiS  to  the  phcuomena  of  dis- 
solution; and,  difficult  as  it  may  be  to  do  it,  it  does  not  seem 
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to  me  impossible.  The  way  is  by  the  use  of  an  hypothesis 
already  proposed  for  other  cases  in  which  it  might  appear  less 
admissible.  All  the  successive  d^rees  of  concentration  of  the 
liquid  must  be  regarded  as  simple  mixtures  of  the  small  num- 
b(^  of  definite  dissolutions  which  shall  have  been  established, 
either  between  themselves  or  %nth  the  dissolvent^  in  the  man- 
ner of  habitual  mixtures  of  water  with  alcohol,  with  sulphiuic 
acid,  etc.  In  any  case,  the  positive  verification  of  this  hypo- 
thesis must  be  extremely  delicate.  Furthermore,  to  render 
the  study  of  dissolutions  fully  rational,  in  this  point  of  view, 
it  is  necessary  to  combine  ^vith  it  that  of  other  analogous  che- 
mical phenomena,  relating  to  the  absorption  of  gases  by  li- 
quids or  by  porous  solids.  All  these  different  modes  of  mole- 
cular union  are  often  enei^etic  enough  to  resist  influences  able 
to  destroy  certain  combinations,  properly  so  called:  why 
should  they  not  be,  like  them,  subject  to  the  rule  of  definite 
proportions,  if  that  rule  is  truly  a  fundamental  law  of  nature? 
Tlie  next  case,  that  of  various  metallic  alloys, 
wmetttJlical-  j^  ^^  extensive,  though  more  particular.  TJie 
difficidty  lies  in  the  question  whether  these  are 
cases  of  combination  or  of  mixture.  The  state  of  combina- 
tion has  been  taken  for  granted  in  the  case  of  alio  vs ;  whereas 
the  general  application  of  the  principle  of  numencal  chemis- 
try requires  that  they  should  be  mixtures ;  while,  again,  it  is 
diiBcult  to  conceive  of  such  a  mixture  of  solida  as  could  resist 
perturbing  influences  which  would  appear  to  be  necessarily 
destructive ;  as  great  changes  of  temperature,  the  influence  of 
crystallization,  etc.  The  question  can  be  decided  only  by  a 
series  of  special  experiments,  deriscd  to  find  the  general  limits 
of  the  permanence  of  unquestionable  mixtures;  and  the  re- 
sults might  be  extended  to  other  questions  of  numerical  che- 
mistry, as  of  certain  oxides,  on  which  explanations  have  been 
hazarded  too  firedy.  When  a  true  chemical  theory  of  mix- 
tures is  established  on  a  proper  basis  of  experiment,  and  ue 
leave  off  referring  to  an  hypothesis  of  mixture  all  cases  in 
which  combination  seems  susceptible  of  an  indeterminate  pro- 
portion, in  order  to  bring  them  wider  the  law  of  definite  pix)- 
portions,  we  shall  get  rid  of  a  formidable  objection  to  the 
principle  of  numerical  chemistry. 

The  remaining  case  constitutes  the  greatest 

•uUiScw.       obstacle  of  all  in  the  way  of  the  generalization  of 

'""**       the  law  of  defiuitc  proportions:  and  if  it  cawiot 
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be  surmonnted/thc  law  siuks  to  the  rank  of  an  empirical  nAe, 
fit  for  nothing  more  than  facilitating  a  certain  order  of  che» 
mical  analyses.  I  refer  to  the  class,  anomalous  in  this  \\ew, 
of  substances  called  organic.  And  this  is  the  cficct,  in  fac^, 
of  the  declaration  of  the  chemists  of  our  time,  that  organic 
substances  do  not  come  under  the  principle  of  dcfimtc  pro- 
portions. It  amounts  to  saying  that  the  law  rules  all  the 
elements,  except  oxygen,  hydrogen,  carbon,  and  azote.  The 
division  between  inorganic  and  organic  chemistry  is  merely 
scholastic ;  for  all  chemistry  is,  by  its  nature,  homogeneous^ — 
that  is,  inorganic.  And  thus,  if  we  admit  of  the  enormous 
exception  of  the  numerical  composition  of  so-called  organic 
substances,  the  doctrine  of  definite  proix>rtion8  is  overthrown 
as  a  rational  theory.  As  it  evidently  cannot  be  founded  on 
any  a  priori  considerations,  it  is  oidy  by  a  strict  generality 
that  it  can  become  a  rational  theory. 

If  we  could  not  hold  at  once  the  grand  prin-  Application  of 
ciple  of  the  dualism  which  pervades  chemistry,  the  principle 
and  constitutes  its  homc^encous  character,  and  ®^  aimli«n. 
the  doctrine  of  definite  proportions,  I  should  not  hesitate  to 
sacrifice  the  latter :  for  it  is  more  important  for  chemical  pro- 
gress to  grasp  the  great  principle  of  systematic  dualism,  tiian 
to  advance  our  investigations  by  the  use  of  the  numerical 
rule.  But  there  is  not,  in  fact,  any  incompatibility  between 
these  two  means  of  progress :  and  such  a  brief  sketch  of  my 
conception  on  this  subject  as  my  limits  allow  may  show  how 
the  doctrine  of  definite  proportions  can  be  duly  generalized 
only  by  discarding  organic  chemistry  as  a  separate  body  of 
doctrine,  and  extending  the  principle  of  dualism  to  all  organic 
compounds. 

If  we  are  to  include  all  organic  compounds  under  one  uni- 
,  form  system  of  chemistry,  properly  so  called,  we  must  refer  to 
physiology,  vegetable  and  animal,  the  study  of  the  nimierous 
secondary  substances  which  owe  their  transient  and  variable 
existence  to  the  de%'elopmcnt  of  vital  phenomena,  and  which 
have  no  scientific  interest  except  under  the  head  of  biology.  We 
shall  see,  under  that  head,  hereafter,  what  the  precise  classifi- 
cation is ;  and  all  that  we  have  to  do  with  it  now  is  to  show 
that  it  proceeds  from  the  fundamental  distinction  between  the 
state  of  death  and  that  of  life.  Tlie,  second,  and  most  ex- 
tended class  of  organic  substances  is  chiefly  composed  of  mix- 
tures which,  as  such,  admit  of  all  imaginable  proportions. 
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within  the  limits  of  ^ital  conditions.  As  for  the  substances 
which  exhibit  real  combinations,  we  must  conceive  of  them  as 
subject  to  the  law  of  definite  proportions ;  but  the  complcxitv, 
and  yet  more  the  instability  of  such  compounds  will  probably 
for  ever  forbid  their  being  successfully  studied  under  the  nu- 
merical point  of  \iew,  which  is  indeed  of  very  inferior  interest 
in  biology. — ^Even  after  this  clearing  of  the  field,  we  could  not 
accomplish  the  desircd  generalization  if  we  had  not  taken  a 
new  stand  xnth  regard  to  the  ternary  and  quaternary  sub- 
stances contemplated  by  ordinary  chemistry.  The  rigorous 
dualism  which  I  have  before,  and  in  a  higher  view,  shown  to 
be  necessary,  seems  to  supply,  naturally  and  finally,  the  needs 
of  the  doctrine  of  definite  proportions. 

As  long  as  chemists  persist  in  rcganling  organic  combina- 
tions as  ternary  and  quaternary, — that  is,  in  confounding 
their  elementary  with  an  immediate  analysis ; — ^while  oxygen, 
hydrogen,  carbon  and  azote  are  regarded  as  immediately  united, 
the  compounds  from  them  which  must  be  recognized  as  dis- 
tinct, after  the  so'crest  sifting,  %nll  be  enough  to  constitute 
an  invincible  objection  to  the  principle  of  a  numerical  chemis- 
try. But  if  they  become  binary  compounds  of  the  second,  or 
at  most  the  third  order,  whose  principles  are  formed  by  the 
direct  and  binary  combination  of  those  three  or  four  elements, 
we  find  ourselves  able  to  represent  all  the  actual  numerical 
varieties  established  by  an  elementary  analysis,  concei%ing,  for 
each  degree  of  combination,  a  very  small  number  of  distinct 
and  entirely  definite  proportions. — ^In  the  ternary  case, — ap- 
propriate te  compounds  of  a  vegetable  origin, — ^their  three  ele- 
ments may  be  united  in  three  kinds  of  binary  combinations. 
Combining  these  again,  still  cmploj-ing  at  once  oxygen,  hy- 
drogen, and  carbon,  we  have  three  principal  classes  of  com- 
pounds of  the  second  order.  But  then  again,  each  term  of 
the  new  compounds  reallv  corresponds  to  two  distinct  sub- 
stances :  and  thus,  while  admitting  only  one  proportion  for  the 
binary  comix)sition  of  these  bodies,  we  have  already  provided 
for  the  numerical  composition  of  twelve  substances  at  present 
called  ternary.  But,  further,  we  are  compelled  to  sup|)ose  at 
least  three  different  proportions  for  each  binar}'  combination : 
one  producing  perfect  neutralization,  and  the  other  two  the 
extreme  limits  of  the  reciprocal  saturation :  and  chemical 
analogies  indicate  a  much  larger  number  of  comj)ounds.  Put- 
ting those  aside,  we  have  thirty-six  compounds,  without  going 
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heyond  the  second  order,  by  the  kiio\ni  combination  of  three 
elements  on  the  principle  of  dualism.  AVe  are  also  entitled 
now  to  conceive  of  a  thinl  ix)^ible  combination  between  oxy- 
gen  and  carbon,  or  between  carbon  and  hydrogen,  etc,  wliich 
already  funiish  two,  after  being  long  supposed  to  admit  of 
only  one.  Hence,  and  hi  %new  of  all  these  considerations,  we 
may  be  assured  that  by  dualism  we  might  completely  and  na- 
turally subject  to  the  law  of  definite  proportions  eighty-one 
compounds  of  the  second  order,  formed  from  oxygen,  hydro- 
gen, and  carbon ;  and  this  would  unquestionably  more  than 
suffice  to  represent  the  elementary  analysis  of  all  distinct  sub- 
stances in  the  range  of  vegetable  chemistry. 

Passing  on  to  the  quaternary  ease, — characterizing  what  is 
called  Animal  Chemistry, — it  seems  as  if  the  principal  class 
of  eom])ounds  of  the  second  onler'must  Ijc  more  numerous 
than  in  tlie  ternary  ease :  but  the  indisjx^nsable  condition  of 
employing  all  the  four  elements  at  once  restricts  the  classes 
to  three.  But  when  we  exannne  tlie  terms  of  the  secondary 
compounds,  we  find  that  while  two  represent  only  one  oom- 
l)ound  each,  a  third  represents  five.  Tims,  the  three  pairs  of 
compomids  yield  fourteen  of  one  proi)ortion,  and  forty-two  of 
the  three  proportions  indicated  in  the  last  case.  But  applying, 
at  each  degree,  the  rational  rule  of  a  triple  binary  combina- 
tion, without  stoppmg  at  the  inevitable  gaps  of  our  existing 
chemistiy,  we  find  ourselves  in  iK)sscssion  of  ninety-nine  com- 
ix)unds  of  the  second  order,  now  regarded  as  quaternary. 
'rhis  is  probably  a  larger  number  than  a  rational  analysis  of 
animal  substances  will  be  foimd  to  require.  Moreover,  as 
animal  substances  have  undergone  a  greater  degree  of  ^ital 
elaboration  than  vegetable  matters,  it  would  be  philosophical  to 
admit,  with  respect  to  them,  the  possibility  of  a  higher  order 
of  composition,  such  as  physiolc^cal  combinations  must  emi- 
nently tend  to  realize.  On  such  an  hypothesis,  iiithout  going 
1>eyond  the  third  onler,  we  might  obtain  ten  thousand  per- 
fectly distinct  compounds  from  these  four  elements,  all  formed 
by  an  invariable  dualism,  and  strictly  subject  to  the  law  of  de- 
finite proportions.  It  is  true,  nature  would  not  permit  the 
ix^alization  of  more  than  a  small  part  of  these  speculative  com- 
binations; but  I  have  pursued  the  consequences  of  my  con- 
ception to  this  extreme  ideal  limit,  to  show  how  abundant  are 
the  rational  resources  supplied  by  this  new  theory  for  the  ge- 
neralization of  the  laws  of  numerical  chemistry.    If  this  view 
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is  not  followed  up,  or  some  equiyalcnt  one  proposed^  it  is  evi- 
dent that  we  must  give  up  the  doctrine  of  definite  proportions 
as  a  law  of  natural  philosophy,  and  return  to  Berthollet's 
theory,  merely  enlarging  the  cases  of  fixed  proportions  which 
he  admitted.  In  the  present  state  of  the  question  there  is  no 
other  choice.  But  my  theory  having  Ixxm,  not  instituted  for 
this  destination,  but  naturally  arrived  at  by  another  way,  and 
with  higher  views,  and  proceeding  from  established  principles, 
to  meet  the  needs  of  chemical  philosophy,  seems  to  me  to  be 
presumptively  entitled  to  a  future,  and  perhaps  speedy  rea- 
lization. 

This  accoimt  of  the  present  aspects  of  the  doctrine  of  defi- 
nite proportions  will  enable  any  one  to  judge  of  its  real  pro- 
gress from  its  institution  to  this  day ;  of  the  conditions  which 
must  be  fulfilled  before  iti  principle  can  be  converted  into  a 
great  law  of  nature ;  and  of  the  rational  course  which  alone 
can  lead  to  such  a  final  constitution  of  numerical  chemistry. 
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CHAPTER  IV. 

THB  ELECmO-CnEMICAL  THEOST. 

From  the  beginning  of  modem  chcmistrv,  the  Relation  of 
chemical  influence  of  electricity  manifested  itself  Ekvtridty  tto 
unequivocally  in  many  important  phenomena,  Clicou«try. 
and  above  all,  in  the  grand  experiment  of  the  recomposition 
of  water  by  the  direct  combination  of  oxygen  with  hydrogen, 
effected  by  the  aid  of  the  electric  spark.  But  the  special  at- 
tention of  chemists  .was  not  strongly  drawn  towards  this  agency 
till  Yolta's  immortal  discovery  disclosed  its  principal  energy, 
in  rendering  the  electric  action  at  once  more  complete,  more 
profound,  and  more  continuous.  Since  that  time,  various 
scries  of  general  phenomena  have  taught  us  that  electricity  is 
a  chemical  agent  more  universal  and  irresistible  than  heat 
itself,  both  for  decomposition  and  combination.  The  danger 
now  is  of  exaggerating  the  relation  it  bears  to  the  genmd 
system  of  chemical  science.  Though  chemistry  is  united  to 
physics  by  this  agency  more  than  by  any  other,  it  must  yet 
be  remembered  that  the  two  sciences  are  distinct,  and  that 
there  should  be  no  confounding  of  chemical  with  electrical 
properties.  In  order  to  ascertain  with  precision  what  are  the 
relations  of  chemistry  with  electrology,  we  must  briefly  review* 
the  gradation  of  ideas  which  have  led  up  to  the  present  electro- 
chemical theory,  as  systematized  bv  Berzelius. 

The  first  important  chemical  efi^  of  the  vol-   Hlrtoiy  of  the 
taic  influence  was  the  decomposition  of  water,   "•«• 
established  by  Nicholson  in  1801.     It  was  a  ne-   Nicholson's 
ccssary  result  of  examination  into  the  action  of  ^*^^«»7- 
the  pile,  without  any  chemical  intention.  It  confirmed  a  truth 
before  well  known :  but  it  had  a  high  chemical  value,  as  re- 
vealing the  chemical  energy  of  the  instrument;  and  it  thus 
constituted  the  starting-point  of  electro-chemical  research. 
We  may  even  refer  to  this  origin  the  first  attempts  at  founding 
a  general  theory  of  electro-chemical  phenomena;  for  the  con- 
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^ception  offered  by  Grotbuss,  to  explain  Nicholson's  observation 
by  the  electric  polarity  of  molecules,  contains  the  germ  of  all 
the  essential  ideas  iilnch  have  expanded,  according  to  the  re- 
quisitions of  the  phenomena,  into  the  present  electro-chemical 
theory. 

Tlie  analytical  power  of  the  voltaic  pile  having  been  once 
discovered,  it  was  natural  for  the  chemists  to  apply  the  new 
agent  to  the  decomposition  of  substances  which  had  hitherto 
resisted  all  known  means.  This  first  series  of  attempts  pro- 
duced, after  a  few  years,  the  brilliant  discoverv 
^•s  clBco-  jjy  ^jjg  illustrious  Da\7,— of  the  analysis  of  the 
alkalies,  properly  so  cdled,  and  the  earths.  La- 
voisier's theory,  which  showed  that  every  salifiable  base  must 
be  a  result  of  the  combination  of  oxygen  with  some  metal, 
had  foreshown  this  analysis ;  but  no  chemical  means  had  suf- 
ficed to  effect  it.  It  was  believed  in,  in  spite  of  Berthollct's 
discovery  of  the  true  composition  of  ammonia;  and  the  bril- 
liant result  obtained  by  Davy  was  an  easy  oonsequence  of  a 
discovery  completely  prepared  for.  M.  Gay-Lussac  soon  fol- 
lowed, with  a  more  difficult  but  less  striking  achievement, — 
the  confirmation,  by  a  purely  chemical  process,  of  the  electrical 
analysis  of  potash. 

Nicholson's  obscn-ation  baring  originated  electro-chemistrr, 
and  Davy's  given  it  a  great  impulse,  the  next  step  was  to  in- 
vestigate the  chemical  influence  of  electricity,  in  a  scientific 
view.  This  was  eflcctually,  though  indirectly,  determined  by 
Day}''s  gi-cat  feat;  for  by  it  chemistry  was  proved  to  have 
achieved  the  most  important,  and  hitherto  inaccessible  ana- 
lyses :  and  in  fact,  the  science  has  not  since  made  any  essential 
acquisition.  Electro-chemical  action  was  presently  and  per- 
manently subjected  to  direct  and  regular  study ;  and  it  was 
irrevocably  constituted  a  fmidamental  part  of  chemical  science 
when  Bcrzclius  accomplished  his  series  of  in- 
St^^on  *  vestigations  on  the  voltaic  decom])osition  of  all 
the  salts,  and  then  of  the  principal  oxides  and 
acids.  It  was  in  consequence  of  these  researches  that  the 
habitual  consideration  of  electric  propei*ties  has  assumed  a 
growing  importance  in  the  chemical  study  of  all  substances, 
which  are  now  scientifically  divided  into  the  classes  of  electro- 
negatives  and  electro-positives.  It  was  thus  the  privilege  of 
Bcrzclius  to  be  the  first  to  conceive  of  the  electro-chemica! 
theory  under  an  entirely  systematic  form. 
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One  condition  remained  to  be  fulfilled,  to  give  ^^^''^ 
its  due  scientific  character  to  this  new  branch  rf  *^^'^""'"" 
chemistiy.   The  voltaic  action  had  thus  far  been  regarded  onlj 
analytically : — ^it  must  be  regarded  synthetically  also.    This  sras 
done  by  the  la1x>urs  of  Beequerd,  who  folly  establishc^d  the  ^jti- 
theticd  influence  of  electricity,  fitly  applied ;  and  who,  more- 
orer,  employed  it  in  eficcting  new  and  valuable  eombinationsy 
hitherto  impracticable.    From  tliis  procedure  arose  the  neces- 
sity of  modifying  the  method  of  experimentation.   The  appara- 
tus which  was  powerfol  enough  to  decompose  was  mueh  too 
powcrfid  to  combine,  because  it  woidd  probably  dcoompose  the 
immediate  principles  wliich  were  intended  to  be  combined ; 
and  thence  arose  the  method  of  employing  the  protracted 
action  of  very  feeble  electric  powers, — every  advantage  being 
given  to  the  disposition  of  the  substances  to  be  acted  upon. 
M.  Becqucrd  did  this  very  suoeessfolly  by  operating  widi  a 
single  voltaic  element,  and  seizing  each  substance 
in  the  state  called  nascent,  wliieh  is  agreed  upon   BeoquenTs. 
as  most  favomtible  to  combination.    This  change 
of  procedure  is  the  distinctive  honour  of  M.  Bccquerd.     He 
not  only  determined  direct  combinations,  not  bef(»re  obtainable, 
but  exlubited  in  others,  which  were  obtainable,  the  rcmaricable 
property  of  clearly  manifesting  their  geometrical  structure, 
through  the  slo^mcss  and  regularity  of  their  gradual  formation; 
— a  character  especially  marked  in  the  case  of  certain  metallic 
sulphurets,  some  oxides,  and  several  salts.    It  does  not  lie 
within  our  province  to  point  out  the  results  of  this  method 
in  regard  to  the  natural  history  of  the  globe,  in  explaining  a 
great  number  of  mineral  origins,  when  the  time  for  such  con- 
crete questions  shall  have  arrived.    It  is  more  in  our  way  to 
observe  the  importance  of  these  labours  in  bringing  upchemi- 
cal  synthesis  to  something  like  harmony  with  tiie  progress  of 
analysis, — favoured  as  the  latter  pursuit  had  been  by  the  ease 
with  which  we  destroy,  in  comparison  ^ith  the  difficulty  with 
which  we  recreate.     Once  more,  these  researches  of  M.  Bcc- 
querel  have  completed  the  general  constitution  of  elcctro- 
ciiemistry,  which,  being  henceforth  at  once  synthetical  and 
analj^ical,  can  only  expand  in  one  of  these  two  directions, 
however  great  the  improvements  remaining  to  be  attained. 

Such  has  been  the  filiation  of  electro-chemical  disco^-eries, 
since  the  beginning  of  our  century.  A  little  attention  to 
the  great  phenomenon  which  was  the  original  subject  of  the 
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clcctTO-cbemical  theory  \nll  show  how  this  study  has  gra- 
dually led  to  a  new  fuudamcntal  conception  for  the  whole  of 
Chemistry. 

It  has  been  said,  through  all  periods  of  chemi- 
co^urtkm  ^  research,  that  the  study  of  Combustion  must 
coin  Km.  ^  ^^^  central  point  of  the  science.  So  it  was 
thought  in  the  ancient  theological  period  of  the  science ;  and 
also  in  the  mote  recent  metaphysical  stage,  when  combusti- 
bility was  called  phlogiston,  and  regard(xl  as  an  intangible 
materialized  entity :  and  the  advent  of  the  positive  period  of 
chemistry  was  marked  by  the  establishment  of  Lavoisier's  new 
theory  of  combustion.  In  our  day  it  is  the  recognized  neces- 
sity of  modifying  this  theory  that  has  especially  led  to  the 
d^ric  conception  of  chcmi(»l  phenomena. 

Tlie  pneumatic  theory  of  combustion  of  La- 
JjJJ^^*  voisier  had  two  entirely  different  objects  in  view; 
'  objects  which  are  too  commonly  confounded,  but 

which  we  must  be  careful  to  keep  apart.  Inrst,  the  analysis 
of  the  general  phenomenon  of  combustion :  and,  secondly, 
the  explanation  of  the  effects  of  heat  and  light,  which  is,  in 
the  eyes  of  the  vulgar,  the  more  important  of  the  two.  Both 
were  treated  in  the  most  admirable  manner  possible  in  the 
existing  state  of  knowledge;  and  in  the  characteristics  of 
positivity  and  rationality  Lavoisier's  theory  has  not  since 
been  surpassed.  All  combustion,  abrupt  or  gradual,  was  re- 
garded as  consisting  in  the  combination  of  the  combustible 
Dody  with  oxygen,  whence,  when  the  body  was  simple,  must 
result  an  oxide,  generally  susceptible  of  becoming  the  basis  of 
a  salt,  and,  if  the  oxygen  was  preponderant,  a  true  acid,  the 
principle  of  a  certain  lund  of  salts.  As  for  the  disengagement 
of  heat  and  light,  it  was  attributed,  in  a  general  way,  to  the 
condensation  of  the  oxygen,  and  in  an  accessory  way,  to  that 
of  the  combustible  body,  in  this  combination. 

FiTft  diTimon.  ^^  *™*  P*"^  ®^  *^*  anti-phlogistic  theory 
has  a  much  more  pliilosophical  character  than  the 
second.  It  was  eminently  rational  to  analyse  the  phenomenon 
of  combustion,  so  as  to  seize  whatever  was  common  to  all 
cases.  Tlie  conclusions  drawn  might  be  too  general;  and 
were  afterwards  proved  to  be  so ;  but  whatever  would  stand 
the  test  of  time  must  form  a  body  of  indestructible  truth, 
constituting  an  essential  part  of  chemical  science  through  all 
future  revolutions.    The  case  is  different  with  the  explanation 
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of  heat  and  light.    The  question  is  not,  like  the  first,  of  a 
chemical,  but  a  physical  nature;  and,  whate\-cr  may  be  its 
final  solution,  it  cannot  aflbct  chemical  ooncqptioils.     It  would 
have  been  wiser  to  abstain  fixim  oflcring  any  general  explaiu^ 
tion  of  the  effects  of  heat  and  light  through  such  a  suppcisitioii 
as  that  of  a  condensation,  which  does  not  necessarily  take 
place,  and  which  is,  ii^  fact,  found  to  be  often  absent.      Ija- 
Yoisicr  hoped  to  attach  the  tbermological  effect  to  the  great 
law  discovered  by  Black,  of  the  disengagement  of  heat  proper 
to  the  passage  of  any  body  from  one  state  to  another  mcMne 
dense ;  but  such  a  connection  could  not  be  established  on  the 
ground  of  phenomena  not  invariably  present,  or  indiqputaMy 
manifested.     However,  it  would  be  too  much  to  expect  a  per- 
fect scientific  reserve  in  discoverers  who  bring  out  scientific 
truths  from  a  region  of  metaphysical  fimtasics.    It  is  firom 
their  foUowcrs  that  we  have  a  right  to  demand  it ;  and  we  are 
compelled  to  charge  upon  the  diemists  who  have  been  eager  to 
substitute  the  doctro-chcmical  theoiy  for  the  anti-phlogistic 
theory,  properly  so  called,  a  want  of  care  in  constructing  ex- 
planations analogous  to  those  which  are  dismissed  as  insuffi- 
cient.  To  justi^  this  charge,  we  must  review  the  proo&  of  the 
imperfection  of  Lavoisier's  tlieoiy, — still  regarding  it  imder 
the  two  divisions  just  exhibited. 

Berthollet  saw  presently  that  Lavoisier's  me- 
thod of  analysis  of  combustion  must  be  modi-   Sd^ml* 
ficd.    One  of  the  cliief  consequences  of  this  ana- 
lysis was  that  c^^ery  add  and  e^'ciy  salifiable  base  must  be  a 
result  of  combustion ;  that  is,  of  the  combination  of  any  ele- 
ment with  oxygen ;  whereas,  Berthollet  discovered  that  one 
of  the  most  marked  of  the  alkalies,  ammonia,  is  formed  of 
hydrogen  and  azote  alone,  without  any  oxygen;  and  soon  after, 
he  proved  that  sulphuretted  hydrogen  gas,  in  which  also  there 
is  no  oxygen,  nevertheless  presents  all  the  essential  properties 
of  a  real  acid.    Tlicse  facts  have  since  been  confirmed  in  eveiy 
possible  way,  and  especially  by  the  electric  method ;  and  the 
exceptions,  both  as  to  dkalies  and  adds,  have  become  so  mul- 
tiplied, tliat  the  investigation  and  comparison  of  them  have 
given  that  high  character  of  generality  to  the  study  of  alkalies 
and  acids  which  belongs  to  it  in  our  time. 

Moreover,  the  primitive  theory  of  combustion  has  been 
gradually  modified  by  the  discovery  that  a  rapid  disengage- 
ment of  heat  and  light  is  not  always  an  indication  of  a  cm* 
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biiiation  vrith  oxygen*  Chlorine,  sulpliur^  and  several  other 
bodies,  even  non-elementary,  have  been  found  to  oceasiou 
true  combustion.  And  again,  the  phenomenon  of  fire  is  no 
longer  attributed  exclusively  to  any  special  combination,  but, 
in  general,  to  all  chemical  action  at  once  very  intense  and 
vivid. 

It  does  not  follow  that  because  Lavoisier's  discoveries  have 
parted  with  some  of  their  character  of  generality,  they  have 
lost  any  of  their  direct  value :  and  such  alteration  of  views  as 
there  is  relates  chiefly  to  artificial  phenomena,  while  the  na- 
tural facts  remain  securely  established.  Thus,  though  there 
arc  acids  and  alkalies  without  oxygen,  it  is  unquestionable 
that  the  greater  number  of  them,  and  especially  the  most 
powerful,  are  oxvgenated :  and  again,  if  oxygen  be  not  indis- 
pensable to  combustion,  it  remains  the  diidT  agent,  and  espe- 
cially ill  natural  combustions.  In  natural  history,  the  theory 
is  applicable,  almost  without  resen*e,  thoiigh  it  is  insufficieut 
for  the  severe  conditions  of  abstract  science.  If  the  universal 
sovereignty  of  oxygen  has  been  overthrown,  it  will  yet  be  for 
ever  the  chief  element  of  the  whole  chemiciQ  system. 

As  for  the  second  aspect  of  the  discovery, — ^the 
Second  diri^Km.  explanation  of  fire,— it  was  destroyed  by  the  first 
direct  examination  of  it.  No  new  facts  were  required  for  its 
overthrow,  but  merely  a  more  scientific  appreciation  of  com- 
mon phenomena.  It  will  not  even  sen-e  naturalists  for  their 
concrete  purposes  in  any  degree,  haring  never  really  explained 
the  most  ordinal^  cflccts.  The  rcquirol  condensation  is  found 
to  be  only  occasionally  present,  and  often  absent  in  the  most 
important  cases;  so  that  if  it  were  not  for  the  connection  of 
this  aspect  of  the  theory  Tiith  a  sounder  one,  it  would  be  in- 
conceivable how  it  oould  have  held  its  ground  up  to  a  recent 
period, — busy  as  the  chemists  were  with  other  theoretical 
speculations.  After  finding  that  in  cases  where  condensation 
was  supposed,  expansion  exists  instead ;  and  that  where  we 
find  vivid  combustion,  tlierc  should,  by  the  theoir,  be  a  great 
cooling,  we  aro  brought  to  the  reflection  that  if  the  fire  on 
ovir  hearths  was  not  a  matter  of  daily  fact  to  us,  its  existence 
must  become  doubtful,  or  be  disbelieved,  through  those  very 
explanations  by  which  the  phenomenon  has  been  proposed  to 
be  established.  To  my  mind,  this  is  a  clear  indication  that 
tlic  chemical  production  of  fire  does  not  admit,  in  a  general 
way,  of  any  rational  explanation.    Otlierwise  it  appears  in- 
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comprebensible  that  men  of  such  geuiiis  and  such  science^  at 
a  time  so  near  our  own,  should  have  been  so  deluded.  The 
electric  fire,  now  proposed  for  an  explanation,  must  Iiave'been 
sufficiently  known  to  Lavoisier,  Cavendish,  BerthoUet,  and  , 
others,  to  have  served  as  a  basis  to  their  theory,  if  its  prepon- 
derance over  the  merits  of  their  hypothesis  had  been  so  great 
as  is  now  commonly  supposed.  This  consideration  however, 
striking  as  it  may  lie,  is  no  dispensation  fix>m  the  duty  of  ex* 
amining  the  electro-chemical  conception,  for  which  we  have 
been  prepared  by  this  short  account  of  its  antecedents. 

According  to  this  theory,  the  fire  produced  in  the  greater 
number  of.  strong  chemical  reactions  must  be  attributed  to  a 
real  electric  discharge  which  takes  place  at  the  moment  of 
combination  (by  the  mutual  neutralization,  more  or  less  com- 
plete, of  the  opposite  electric  conditions)  of  the  two  substances 
under  consideration,—- one  of  which  must  be  electro-positive 
and  the  other  electro-negative.  There  is  every  reason  to  fear, 
however,  that  when  this  theory  has  been  efiectually  examined, 
it  will  be  found  as  defective  in  rationality  as  its  predecessor. 
If  electric  effects  are  concerned  in  all  chemical  phenomena,  as 
seems  to  be  now  agreed  upon  by  most  chemists  and  physicists, 
they  must  oftener  be  supposed  than  found :  and  the  electric 
symptoms  are  most  impossible  to  detect  in  precisely  those 
chemical  phenomena  which  have  been  most  relied  on  for  over- 
throwing the  old  theory.  And  in  the  cases  in  which  elec- 
trization is  evident,  its  chemical  influence  is  so  equivocal  that 
some  regard  it  as  the  cause,  and  others  as  the  effect,  of  the 
combination.  The  explanation  is  not  yet  positivdY  established 
for  any  phenomenon  whatever  that  has  been  duly  analysed : 
while  its  vague  nature  leaves  room  for  fear  that  it  will  not  be 
so  radically  or  so  speedily  destroyed  as  its  predecessor.  It 
could  be  plainly  shown  whether  the  requisite  condensation  did 
or  did  not  exist :  but  there  is  always  a  resource,  in  the  more  re- 
cent case,  in  the  fidnt  or  fugitive  character  of  the  electric  con- 
dition, which  defies  our  means  of  positive  exploration, — quali- 
ties which  are  far  from  being  a  ground  of  recommendation 
of  a  theory  which  is  to  account  for  very  striking  and  intense 
effects.  I  do  not  desire  to  say  that  the  disengagement  of 
light  and  heat  can  never  have  an  electric  origin,  any  more 
than  that  it  can  never  ])rocced  from  the  condensation  pro- 
posed: but  I  think  an  impartial  obscn*ation  would  decide 
that  in  most  cases  of  combustion  there  is  neither  coudeusa- 
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tion  nor  electrization.  Mj  own  view  is  that  these  vain  at- 
tempts to  explain  the  chemical  production  of  fire  proceed 
.  firom  the  lingering  metaphysical  tendency  to  penetrate  into 
the  nature  and  m^e  of  being  of  phenomena :  and  that  che- 
mical action  is  one  of  the  various  primitive  sources  of  heat 
and  light,  which  cannot,  from  their  nature,  usually  admit  of 
^  any  positive  explanation;  that  is,  of  being  refen^ed,  in  this 

relation,  to  any  other  fundamental  influence. 

If  our  chemical  science  were  more  advanced  than  it  is,  we 

should  not  have  to  point  out  that  the  consideration  of  fire, 

^*  which,  however  important,  is  only  a  physical  accessory  of 

chemical  phenomena,  cannot  afibrd  a  rational  ground  for  a 

radical  change  in  our  conceptions  of  chemical  action.    When 

our  predecessors  regarded  heat  as  the  chief  phy- 
5»^^iT  ^    sical  agent  in  composition  and  decomposition, 

they  did  not  pen'crt  such  a  consideration  to  the 
point  of  assimilating  chemical  to  thermological  eficcts.  We 
are  less  cautious  at  the  present  day :  we  confound  the  auxili- 
ary, or  the  general  physical  agent  of  the  phenomenon,  with 
the  phenomenon  itself,  and  pervert  chemistry  by  confounding 
it  with  elcctrology,  by  irrationally  assimilating  chemical  to 
electrical  properties,  as  is  seen  especially  in  the  theory  of  M. 
Berzelius.  How  can  there  be  any  scientific  comparison  be- 
tween the  tendency  of  two  bodies  to  a  mechanical  adhesion 
after  a  6ertain  mode  of  electrization,  and  the  disposition  to 
unite  all  their  molecules,  external  and  internal,  by  a  true 
chemical  action  ?  ^I.  Berzelius  has  frankly  declared  that  co- 
hesion, properly  so  called,  admits  of  no  electric  explanation. 
Nothing  'is  gained  towards  explaining  the  molecular  connec- 
tion, indissoluble  by  any  mechanical  force,  in  contrast  with 
the  magnetic  union  so  easily  overcome,  by  talking  of  voltaic 
^elements  with  their  positive  or  negative  jpo\e,  and  their  con- 
nection by  the  electric  antagonism  of  the  opposite  poles. 
Such  inventions  give  no  idea  whatever  of  molecular  cohesion. 
Nor  is  affinity,  or  the  tendency  to  combination,  any  better 
explained  by  the  electro-chemical  theory.  Electrical  pheno- 
mena, in  physics,  are  eminently  general,  ofiering  only  difier- 
ences  of  intensity  in  dificrent  bodies;  whereas,  chemical  phe- 
nomena are  essentially  special  or  elective :  and  therefore  ever\' 
attempt  to  make  chemistry,  as  a  whole,  enter  into  any  branch 
of  physics,  is  thorouglily  anti-scientific.  Tliis  would  be  enough : 
but  we  see  besides  that  the  smallest  changes  in  the  mode  of 
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electrization  reverse  the  electric  antagonism^  and  destroy  the 
proposed  electrical  order  of  elementary  bodies :  we  find  our- 
selves unable  to  deduce  the  new  electric  properties  which  the 
theory  bids  us  look  for  in  the  compounds  of  different  orders; 
we  do  not  know  by  what  laws  they  derive  their  positive  or 
negative  diaracter  from  the  electric  condition  of  each  of  the 
two  elements ;  nor  are  we  able  to  approach  the  great  end  of 
chemical  science^ — the  prevision  of  the  qualities  of  compounds 
by  those  of  their  constituent  elements.  Moreover,  m  any 
case,  the  great  body  of  chemical  phenomena  opposes  insur- 
mountable  obstacles ;  as  when  oxygen,  the  most  negative  ele- 
ment, when  entering  largely  into  certain  oxides,  finds  them 
positive  towards  certain  acids,  into  which  it  enters  much  more 
sparingly, — the  radicals  of  the  first  being  often  as  negative 
as  those  of  the  last.  According  to  M.  Berzelius's  own  frank 
declaration,  organic  compounds  cast  insuperable  difficulties 
in  the  way  of  his  arrangement  of  electric  relations ;  and  he 
alleges  the  transience  of  the  combinations  in  that  class  of 
cases  as  an  explanation  of  the  anomaly :  but  chemical  science 
would  be  impossible  if  compounds  were  not  throughout  con- 
sidered stable  till  causes  of  decomposition  arise :  and  if  or-  . 
ganic  compounds  are  guarded  from  these,  they  remain  chemi- 
cally stable,  like  inorganic  substances.  The  ftindamental  ob- 
stacle of  the  whole  case, — ^the  identity  of  the  elements,  in  oppo- 
sition to  the  electric  variety, — cannot  by  any  means  whate\'er 
be  got  over. 

Learing  all  these  difficulties  on  one  side,  we  learn  nothing 
a]x)ut  chemical  phenomena  by  likening  them  to  electric  action, 
for  we  establish  thus  no  harmony  between  the  protended  causes 
and  the  real  effects.  Every  attempt  seems  to  prove  mmply  the 
auxiliary  influence  of  electricity  on  chemical  effects, — ^acting 
as  heat  does,  only  with  a  different  intensity.  In  fact,  there 
are  scarcely  any  electro-chemical  combinations  which  cannot 
be  effected  by  ordinary  chemical  processes,  Anthout  any  electric 
indications;  and  the  few  exceptional  cases  still  existing  majr, 
by  analogy,  be  expected  to  be  brought  under  the  rule.  If,  m 
the  face  of  all  this,  we  were  to  persist  in  investing  the  elec- 
trical influence  with  the  specific  and  molecular  attributes  of 
chemistrv,  we  should  merely  be  restoring  the  old  entity  of 
affinity y  decked  out  with  some  h^'pothctical  material  attributes, 
which  would  Ix;  far  from  rendering  it  more  positive :  and  such 
a  procedure  would  be  as  hurtful  to  physics  as  to  chemistry,  by 
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infusing  new  vagueness  into  our  notions  of  electricity,  whieh 
are  at  present  far  from  being  sufficiently  distinct,  ^d  then 
might  follow,  as  likely  as  not,  tlie  foundmg  on  elcctrology,  not 
only  the  whole  of  diemistiy,  but  the  tiioories  of  heat,  of 
weight,  and  probably,  as  a  consequence,  that  of  celestial  me- 
chanics. And  then,  if  we  added  to  tliis  heterogeneous  assem- 
blage  a  confounding  of  the  supposed  nervous  fluid  with  the 
pretended  electric  fluid,  we  should  have  attained  to  the  show 
of  an  universal  system,  devoid  of  all  scientific  use,  which 
would  fall  to  pieces  as  soon  as  tested  by  real  study,  parting  off 
into  CBiqgQncB  of  independent  doctrine,  and  encumbering  na- 
tural nhilosophy  with  insoluble  questions,  which  must  be  dis- 
carded, to  enaUe  us  to  b^n  afiesh. 

Thus,  to  sum  up,  the  great  chemical  influence  of  electricity, 
like  that  of  weight,  and  vet  more  of  heat,  is  unquestionable; 
and  I  have  endeavoured  to  exhibit  the  high  importance  <^ 
electro-chemistry  to  the  improvement  of  chemical  sdehee,  of 
which  it  is  one  of  the  essential  elements.  But  I  must,  onoe 
for  all,  reject  the  conception  through  which  it  has  been  at- 
tempted to  transform  all  chemical  into  electrical  phenomena. 
In  a  philosophical  pomt  of  new,  Lavoisier's  theory  appears  to 
me,  not\vithstanding  its  serious  imperfections,  very  superior  as 
a  scientific  composition  to  that  to  which  it  has  given  place. 
It  related  directly  to  the  aim  of  chemical  sdenee, — the  esta- 
blishment of  general  laws  of  composition  and  decomposition; 
whereas  the  newer  theory  draws  attention  away  from  it,  in  a 
vain  inquiry  into  the  intimate  nature  of  chemiad  phenomena. 
Thus  the  anti-phlogistic  conception  has  suggested  numerous 
and  important  chemical  discoveries,  while  it  is  very  doubtful 
whether  as  much  ^ill  ever  be  said  for  the  electric  theory.  In 
an  indirect  way  however  it  may  operate  favourably 
aud^wwcm  ^'^^  chemical  science,  by  its  binary  antagonism 
suggesting  the  extension  of  dualism  among  com- 
pounds which  are  as  yet  siq)poscd  to  be  more  tlian  binarv. 
fierzelius  appears  to  have  felt  this  connection ;  and  he  would 
probably  have  erected  dualism  into  a  fundamental  principle, 
but  for  his  subjection  to  the  old  division  of  chemistry  into 
organic  and  inorganic.  Others,  who  are  free  from  this  entan- 
glement, mav  be  prcixircd  by  the  electro-chemical  theoir  for 
general  dimlism ;  though  it  is  not,  in  principle,  desirable  to 
recur  to  faulty  means  to  attain  good  results  in  an  indirect 
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way.  In  another  \\ew,  this  theory  may  be  nsefiil, — ^in  fixing 
the  attention  of  chemists  on  the  influenee  of  time  in  the  pro- 
duction of  chemical  effects; — an  influence  remarkably  mani- 
fested by  many  phenomena,  but  not^  as  yet,  directly  analysed. 
Not  onljr  does  time  naturally  increase  the  mass  of  the  products 
of  chemical  re-action ;  it  also  causes  formations  Mrliich  would 
not  otherwise-  exist.  The  chemical  theory  of  time  is  at  present 
a  blank  in  science;  and  the  phenomena  of  electro-chemistry" 
seem  likely  to  enUghten  us  on  this  head, — so  aU-imjiortant  in 
its  connection  with  chemical  geology,  while  constituting  an  in^ 
dispensable  element  in  the  conceptions  of  abstract  chemistry. 
To  complete  our  sune^  of  tlie  philosophy  of  Chemistry,  we 
must  turn  to  some  considerations  already  suggested,  on  the 
subject  of  what  is  commonly  called  Organic  Chemisti^. 
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CHAPTER  V. 

>  OROrASlO  CHEMISTRY. 

Organic  Chemistry  comprehends^  it  cannot  be  denied^  two 
kinds  of  researches^  chemical  and  physiological^  which  are  per- 
fectly distinct.  For  instance,  the  study  of  organic  acids,  and 
Confusion  of  especially  the  vegetable  acids,  and  alcohol,  ethers, 
two  kinds  of  ctc.,  has  a  character  as  purely  chemical  as  that  of 
fcct.  any  inorganic  substances  whatever ;  and,  on  the 

other  hand,  there  is  no  doubt  of  the  biological  character  of 
inquiries  into  the  composition  of  sap  or  blood,  and  of  the 
analysis'of  the  products  of  respiration,  and  many  other  matters 
included  in  organic  diemistry.  The  confusion  of  the  two  orders 
is  prejudicial  to  both  sciences,  and  especially  to  physiology. 
The  division  of  Chemistry  conceals  or  violates  essential  ana- 
logies, and  hinders  the  extension  of  dualism  into  the  oi^anic 
region,  where  it  is  seldom  found,  though,  as  I  have  shown,  it 
is  optional,  in  fact,  throughout  the  whole  range  of  chemistry ; 
and  thus  the  arbitrary  arrangement  is  the  chief  obstacle  in  the 
way  of  the  entire  generalization  of  the  doctrine  of  definite  pro- 
portions. And  whene\*er  a  true  chemical  theory  shall  fitly  re- 
place the  anti-phlogistic  conception,  it  must  necessarily  compre- 
hend all  organic,  as  well  as  inorganic  compounds.  The  most 
philosophical  chemists  are  tending  more  and  more  to  a  recog- 
nition of  the  identity  of  the  two  departments ;  and  there  can  be 
no  doubt  that  the  establishment  of  that  identity  will  be  an  im- 
mediate consequence  of  a  rational  classification  of  chemical 
knowledge. 

The  confusion  is  more  mischie^'Ous,  but  less  felt  by  chemists, 
imder  the  other  riew, — ^the  comprehension  of  biological  phe- 
nomena among  those  of  organic  chemistry.  The  confusion 
arose  from  the  need  of  chemical  researches  m  very  many  phy- 
siological questions;  and  these  chemical  researches,  being 
usually  extensive  and  difficult,  were  out  of  the  range  of  the 
physiologists,  and  ivere  taken  possession  of  by  the  chemists, 
who  annexed  them  to  their  own  domain.     Both  classes  were 
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to  blame  for  the  Yicious  arrangement,  and  both  must  amend 
their  scientific  habits  before  a  division  can  be  effected  in  entire 
conformity  to  natural  analogies.  The  physiologists  liave  the 
most  difficult  task  before  them,  hanng  to  qiutlify  themselves 
for  inquiries  from  Avhich  the  chemists  have  onl^  to  abstain. 

It  is  scarcely  possible  to  characterize  or  to  circumscribe  the 
physiological  part  of  organic  chemistry,  formed  as  it  is  by 
successive  encroachments.  It  comprehends  the  chemical  ana- 
lysis of  all  the  anatomical  elements,  solid  or  fluid,  and  that  of 
the  products  of  the  organism ;  and  if  its  usurpations  rcmiuned 
unchecked,  it  would  soon  include  the  phenomena  of  what 
Bichat  called  the  organic  life ;  that  is,  the  functions  of  nutri- 
tion and  secretion,  the  only  ones  common  to  all  linng  bodies, 
and  in  which  the  chemical  point  of  new  might  well  appear 
the  natural  one.  In  such  a  state  of  things,  physioloCT  would 
be  reduced  to  the  study  of  the  functions  of  animal  life,  and 
to  that  of  the  development  of  the  living  being.  It  is  easy 
to  see  what  would  1)ecome  of  biological  science,  if  it  were 
reduced  to  this  fragmentary  state.  Chemists  cannot  but  be 
unfit  for  •  the  rational  examination  of  the  important  ques- 
tions of  anatomy  and  physiology,  vegetable  and  animal,  be- 
cause the  research  requires  that  comprehension  of  aicw  which 
their  studies,  as  chemists,  preclude  them  from  obtaining.  In^ 
the  anatomical  relation,  thc^  are  jierpetually  overlooking  the 
fundamental  dimion,  established  by  if.  de  Blainville,  between 
the  true  elements  of  the  organism,  and  its  simple  products; 
and  they  take  for  one  another,  almost  indifferently,  the  tissues, 
the  parenchyma,  and  the  organs.  The  spirit  of  biological  in- 
vestigation being  tmknown  to  them,  they  can  neither  choose 
their  subject  weU,  nor  direct  their  analysis  wisely.  If  these 
are  grave  inconveniences  in  anatomical  questions,  they  are 
much  more  serious  in  physiological  problems,  properly  so 
called,  the  essential  conditions  of  which  are  not  understood  by 
chemists.  Tlie  rational  direction  of  physiological  analysis  can 
take  place  only  by  the  subordination  of  the  chemical  to  the  phy- 
siological new ;  and  therefore  by  the  employment  of  chemistry 
by  the  physiologists  themselves,  as  a  simple  means  of  inves- 
tigation. It  is  an  analogous  case  to  that  before  exhibited,  of 
tlie  application  of  mathematical  analysis  to  physical  questions. 
If  it  is  important  that  physicists  should  employ  the  instrument 
of  analysis,  instead  of  delivering  over  physical  subjects  to  the 
mathematicians,  to  be  a  mere  theme  for* analytical  exercises^ 
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much  more  important  is  it  that  the  greater  diversity  of  view 
in  chemistry  and  physiology  should  not  be  lost  sight  of.  The 
irrational  and  incoherent  studies  comprised  iii  the  organic 
chemistry  of  our  day  give  us  no  idea  of  the  true  nature  of  the 
aids  tliat  biology  ^may  derive  from  chemistry.  A  few  instances 
wiU  show  the  high  importance  of  an  improved  organization  of 
sdentiiic  labour. 

BeUtion  of  ^  ^^^  anatomical  order,  almost  all  the  re- 

ChemUtiy  to  searches  of  diemists  have  to  undergo  an  entire 
Anatomj.  revision  by  the  physiologists,  before  they  can  be 
applied  to  the  studies  of  the  elements  or  the  products  of  the 
organism.  The  fine  series  of  researches  of  M.  Che\Teul  on 
fatty  bodies  are  perhaps  the  only  important  chemical  study 
immediately  applicable  to  biology,  animal  or  even  vegetable. 
In  the  chemical  analysis  of  blood  or  sap,  or  almost  any  other 
element,  a  single  case,  taken  at  hazard,  is  usually  presented 
as  a  satisfactory  type,  without  any  comparative  investigation 
either  of  each  species  of  oi^nism  in  its  normal  state,  or  of 
the  degree  of  development  of  the  living  being, — ^its  sex,  its  tem- 
perament, its  mode  of  alimentation,  the  system  of  its  exterior 
conditions  of  existence,  etc.,  and  other  modifications  which 
physiologists  alone  can  duly  estimate.  Such  analyses  corre- 
spond to  nothing  in  anatomy  but  the  single  case  obscn-ed ;  and 
even  tliat  is  seldom  sufficiently  characterized.  Hence  inerit- 
ablc  divergences  among  chemists,  who  choose  dificrent  types, 
and  discussions  of  no  scientific  use,  as  the  discordance  is  attri- 
buted to  tiie  dificrent  analytical  methods  employed,  instead  of 
to  the  variations  which  physiology  woidd  have  led  them  to  an- 
ticipate. The  case  is  the  same  with  r^ard  to  products  first 
secreted  and  then  excreted,  as  bile,  saliva,  etc.,  whidi  offer  a 
still  greater  complication.  The  chemists  make  no  inquiry 
about  the  parts  from  which  these  products  are  taken,  or  the 
modifications  which  may  have  been  occasioned  by  tiicir  re- 
maining some  time  after  their  production,  etc. ;  and  therefore 
the  andyscs  of  these  products,  however  often  renewed,  arc 
still  incoherent  and  thoroughly  defective.  We  owe  to  M. 
Raspail  a  full  exposure  of  the  practice  of  the  chemists  of  mid- 
tiplying  organic  principles  almost  without  limit,  from  diifer- 
cnccs  of  character  wliich  imply  no  distinction  of  nature,  but  are 
merely  marks  of  various  degrees  of  elaboration  of  the  same 
principle  in  different  developments  of  vegetation ;  and  even 
from  confounding  theobsened  substances  with  their  auato- 
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mical  envelope.  It  is  to  be  regretted  thatM^  Raqiail  did  not 
complete  his  great  service  to  science  by  founding  rationally  the 
physiological  portion  of  organic  chemistry ,  instead  of  vainljr 
attempting  to  systematize  oi^anic  chemistry,  under  tlie  bias 
of  our  crude  chemical  education* 

If  we  turn  from  the  anatomical  order  of  ques-  ToPhjMoloKr. 
tions  to  tlie  physiological,  we    shall  find  yet 
stronger  endenoes  of  the  inaptitude  of  chemists  for  biological 
inquiries.    All  endeavours  have  yet  &iled  to  establish  anjr 
point  of  general  doctrine  in  biology;  and  we  find  ourselves 
merely  with  simple  materials,  which  must  be  newly  elaborated 
by  physiol(^ts,  under  the  \iew  of  vitality,  before  they  can 
be  put  to  use.    To  give  an  example  or  two : — ^the  experiments 
of  rricstley,  Scnncbicr,  Saussure,  and  others,  on  the  mutual 
chemical  action  of  vc^tablcs  and  atmospheric  air,  were  of  the 
highest  value,  as  instituting  positive  knowledge  of  the  v^etable 
economy ;  but  the  inquiry  is  by  no  means  so  simple  as  its 
founders  naturally  sup{)oscd,  after  having  analysed  one  sepa- 
rate portion  of  the  phenomenon  of  vegetation.  The  absorption 
of  carbonic  acid,  and  the  exhalation  of  oxygen,  though  veiy 
important  in  relation  to  the  action  of  leaves,  are  only  one  as- 
pect of  the  double  vital  motion,  and  cannot  be  understood  but 
in  the  physiological  view  of  both.    This  action  cannot  explain 
the  elementary  composition  of  vegetable  substances,  or  deter- 
mine the  kind  of  alteration  sustained  by  the  air  through  ve- 
getation, because  it  is,  in  other  ways,  partially  compensated 
by  the  precisely  inverse  action  produced  by  the  germination 
of  seeds,  the  ripening  of  fruits,  etc.,  and  even,  as  r^ards  the 
leaves,  by  the  mere  passage  from  light  to  diarkness.    It  is 
much  to  have  indicated  the  true  nature  of  the  requisite  re- 
search, and  to  have  supplied  s6me  materials  for  it.    The  rest 
is  the  business  of  the  physiologists.  K  we  turn  to  animal  phy- 
siologj'  for  examples,  the  case  is  yet  more  striking. 

After  all  the  iuquiiy  that  has  been  made  into  the  clcmical 
phenomena  of  respiration,  no  fixed  point  is  yet  established. 
It  was  long  sup^x>scd  that  the  absorption  by  the  liuigs  of  at- 
mospheric oxygen,  and  its  transformation  into  carbonic  acid, 
would  explain  the  great  phenomenon  of  the  conversion  of  ve- 
nous into  arterial  blood.  But  the  problem  is  much  more 
eomplicated  than  was  sup]K)sed  by  the  chemists  who  established 
this  essential  part  of  the  phenomenon,  and  whose  labours  pre- 
sent the  most  contradictory  conclusions  in  r^ard  to  the  facts 
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under  tlieir  notice.    We  do  not  know,  for  instance,  whether 
the  quantity  of  carbonic  acid  formed  really  corresponds  to  the 

Quantity  ojf  oxygen  absorbed;  and  even  the  simple  general 
iffcrence  between  the  inhaled  and  exhaled  air,  which  is  the 
first  point  to  be  ascertained,  is  far  from  being  positively  esta- 
billed.  The  atmospheric  azote  appears  to  some  to  be  in- 
creased after  respiration,  while  others  say  it  is  diminished,  and 
others  again  that  it  remains  the  same.  The  disagreements 
about  the  changes  in  the  composition  of  the  blood  are  yet 
more  marked.  Perhaps  the  inaptitude  of  chemists  and  physi- 
cists for  physiological  researches  is  more  striking  still  in  the 
case  of  animal  heat.  In  the  early  days  of  modem  diemistry, 
this  phenomenon  seemed  to  be  sufficiently  accounted  for  by  the 
disengagement  of  heat  corresponding  to  the  decarbonizing  of 
the  Ufood  in  the  lungs,  which  the  chemists  regarded  as  the 
focus  of  a  real  combustion ;  but  this  explanation  was  soon 
foimd  to  be  inadequate,  even  in  a  normal  condition;  and 
much  more  in  various  pathological  cases.  Uncertain  as  we 
still  are  as  to  the  pulmonary  influence  in  the  process,  we  know 
that  all  the  \ital  functions  must  concur  in  it,  in  a  greater  or 
smaller  d^rce.  There  is  even  some  reason  to  suppose,  in  di- 
rect opposition  to  the  opinion  of  the  chemists,  that  respiration, 
far  from  aiding  to  produce  animal  heat,  constantly  tends  to 
diminish  it.  No  doubt,  the  chemical  effects  occasioned  by 
vital  action  must  always  be  taken  into  the  account  in  the  study 
of  animal  heat;  but  it  is  only  the  physiologists  who  can  deal 
with  them  in  the  light  of  the  whole  subject.  AVhen  we  have 
learned  to  combine  the  chemical  and  the  physiological  view, 
we  may  proceed  to  the  formation  of  positive  doctrine,  without 
having  to  deal  nith  preliminary  obstacles ;  as,  in  regard  to  such 
questions  as  the  general  agreement  between  the  chemical  com- 
position of  living  bodies,  and  that  of  the  whole  of  their  ali- 
ments; a  case  which  constitutes  one  of  the  principal  aspects 
of  the  vital  state. 

It  is  evident,  at  the  outset,  that  every  living  body,  whatever 
its  origin,  must  be,  in  the  long  run,  composed  of  the  different 
chemical  elements  concenicd  in  tlie  substances,  solid,  liquid, 
and  gaseous,  by  which  it  is  habitually  nourished ;  since,  on  the 
one  hand,  the  vital  motion  subjects  its  parts  to  a  continual 
renovation,  and,  on  the  other,  we  cannot  without  al)surdity 
suppose  it  capable  of  spontaneously  producing  any  real  ele- 
ment.   This  consideration  is  so  far  from  involving  any  diffi- 
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cultj,  that  it  might  lead  us  to  divine  the  general  nature  of  the 
principal  elements  of  living  bodies;  for  animals  feed  in  the 
first  piace  on  vegetables,  or  on  other  animals  which  have 
eaten  vegetables ;  and  in  the  sceond  plaec,  on  air  and  water, 
which  are  the  basis  of  the  nutrition  of  plants :  and  thus,  the 
organic  world  evidently  admits  of  those  chemical  elements 
only  which  are  furnished  by  the  decomposition  of  air  and 
water,  ^\llen  these  two  fluids  have  been  duly  analysed,  phy- 
siologists can,  in  a  manner,  foresee  that  animal  and  vegetable 
substances  must  be  composed  of  oxygen,  hydrogen,  azote,  and 
carbon,  as. chemistry  taught  them.  It  is  true,  such  a  prension 
must  be  very  impofect,  as  it  indicates  nothing  of  the  dif- 
ference between  animal  and  vegetable  substances,  nor  why 
the  latter  usually  contain  so  much  carbon  and  so  little  azote. 
But  this  first  glimpse,  though  it  suggests  some  of  the  difficulty 
of  the  problem,  yet  indicates  the  possibility  of  establishing 
such  a  general  harmony.  But,  when  we  proceed  with  the 
comparison,  we  encounter  important  objections,  which  are  at 
present  insoluble.  The  chief  difficulty  is  that  azote  appears 
to  be  as  abundant  in  the  tissues  of  herbivorous  as  of  carni- 
vorous animals,  though  the  solid  aliments  of  the  former  con- 
tain scarcely  any  azote.  The  opinions  of  chemists,  as  of 
Berzclius  and  Raspail,  as  to  the  nature  of  azote,  do  not  solve 
the  difficulty,  as  they  cast  no  light  upon  its  ori^n.  This  is 
one  of  a  multitude  of  cases  in  which  we  cannot  at  all  explain 
the  chemical  composition  of  anatomical  elements  by  that  of 
the  exterior  substances  from  which  they  are  unquestionably 
derived.  Another  striking  case  is  that  of  the  constant  pre- 
sence of  carbonate,  and,  yet  more,  phosphate  of  lime  in  the 
bony  tissue,  though  the  nature  of  the  aggregate  of  aliments 
appears  to  afibrd  no  room  for  the  formation  of  those  salts. 
This  system  of  investigations,  considered  in  its  whole  range, 
constitutes  one  of  the  most  important  general  questions  that 
can  arise  from  the  chemical  study  of  life ;  and,  if  it  is  at  pre- 
sent hardly  initiated,  the  backwardness  is  oaring,  not  only  to 
its  eminent  difficulty,  but  to  the  biologists  having  abandoned 
to  the  chemists  a  task  which,  under  a  wise  organization  of 
labour,  would  have  belonged  to  themselves  alone. 

In  order  to  effect  a  rational  dirision  of  organic   Partition  of 
chemistry,  and  to  assign  its  portions  to  chemistry   Oi^nio 
on  the  one  hand  and  physiology  on  tlie  other,    Cliemittiy. 
we  must  take  our  stand  on  the  separation  between  the  state  of 
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life  and  that  of  death ;  or^  what  comes  to  nearly  the  same 
thing,  between  the  stability  and  instability  of  the  proposed 
combinations,  submitted  to  the  influence  of  conmion  agents. 
Among  the  compounds  indiscriminately  called  organic,  some 
owe  their  esdstencc  only  to  vital  motion ;  they  exliibit  per- 
petual variations,  and  usuaUy constitute  mere  mixtures:  and 
these  cannot  belong  to  chemistry,  but  must  enter  into  the 
domain  of  biology, — statical  or  dynamical,  according  as  we 
study  their  fixed  condition,  or  the  ^ital  succession  of  their 
regular  changes.  Such,  for  instance,  are  blood,  lymph,  fat, 
etc.  The  others,  which  form  the  more  immediate  principles 
of  these,  are  substances  essentially  dead,  admitting  of  a  re- 
markable permanence,  and  presenting  all  the  characters  of  true 
combinations,  independent  of  life :  their  natural  place  is  evi- 
dently, in  the  general  system  of  chemical  science,  among  the 
substances  of  inoi^anic  origin,  from  which  they  differ  in  no 
important  respect.  Of  these,  the  organic  adds,  alcohol,  albu- 
men, etc.,  are  cxamnles.  These  are  the  substances  which  truly 
belong  to  organic  cnemistry ;  and  no  reason  exists  for  their 
separation  from  analogous  inorganic  substances,  even  if  no 
injury  was  done  by  such  an  arbitrary  division ;  and  there  is 
more  reason  for  ginng  the  title  of  organic  to  them  than  to 
the  theory  of  oxygen,  hydrogen,  carbon,  and  azote,  or  to  the 
study  of  many  other  substances,  acid,  alkaline,  saline,  etc., 
without  which  chemical  anatomy  and  physiology  would  be 
unintelligible.  As  for  chemical  phenomena  truly  common  to 
all  compounds  of  this  dass,  in  consequence  of  the  necessary 
identity  of  their  chief  dements,  it  is  certainly  important  to 
assign  to  them  their  precise  rdations.  The  most  important 
of  Uicse  phenomena  relate,  at  present,  to  the  interesting  and 
very  imperfect  theory  of  the  different  kinds  of  fermentation. 
But  the  consideration  of  these  properties  does  not  constitute 
a  different  order  from  that  which  results  from  the  same  ground 
in  the  case  of  many  other  compounds,  piurcly  inorganic.  Tlie 
^uropcrty  of  fermentation,  however  important,  has  not  a  higher 
sdeutific  value  than  that  of  burning,  and  has  no  more  right 
to  an  exclusive  dassification.  It  is  admitted  that  too  much 
was  attributed  to  combustion  formerly,  in  regard  to  inorganic 
substances;  and  we  may  be  attributing  too  much  now  to  fer- 
mentation, or  anv  other  common  property,  among  so-called 
organic  bodies.  \Vc  cannot  yet  assign  their  proixar  place  to, 
these  compounds  in  the  rational  i^'stcm  of  diemical  sdcucc; 
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but  we  are  able  to  aflirm  that,  in  tbat  system,  the^  most  be 
more  or  less  separated  from  each  other,  and  interposed 
among  substances  called  inorganic.  Nothing  more  than  this 
is  needed  to  jM^ttle  the  question  of  the  maintenance  or  the  sup- 
pression of  organic  chemistry  as  a  distinct  body  of  doctrine. 
In  applying  the  principle  which  I  have  proposed,  to  ascertain 
to  which  science  anv  question  belongs,  it  is  enough  to  inquire 
whether  chemical  knowledge  will  serve  the  purposes  of  the 
research,  or  whether  any  biological  considerations  enter  into 
it.  The  proposing  such  an  alternative  is,  in  fact,  making  the 
classificatioiL 

It  is  not  our  business  to  treat  of  any  special  application  of 
this  principle ;  but  it  is  desirable  to  point  out  that  m  this  par- 
tition of  organic  chemistry,  its  two  portions  are  very  unequally 
dindcd — ^the  study  of  vegetable  substances  contributing  most 
to  chemistry,  and  that  of  animal  substances  to  biology.  At 
the  first  glance,  we  might  suppose  the  difference  to  oe  the 
other  way ;  for  the  importance  of  chemical  considerations  is 
really  much  greater  with  regard  to  living  vegetables  than  ani- 
mals, whose  chemical  functions  are,  except  among  the  lowest 
orders  of  the  zoological  hierarchy,  suboi^natcd  to  a  superior 
order  of  new  ntal  actions.  Yet,  in  virtue  of  the  higher  degree 
of  ntal  elaboration  that  matter  undergoes  in  the  animal  than 
in  the  vegetable  organism,  the  chemical  part  of  animal  physio- 
logy presents  a  much  greater  extent  and  complexity  than  the 
vegetable,  in  which,  for  instance,  the  whole  scries  of  the  phe- 
nomena of  digestion  is  absent,  and  in  which  assimilation  and 
secretion  are  much  simplified.  But,  on  account  of  the  supe- 
rior elaboration,  and  of  the  greater  number  of  elements,  animal 
substances  are  much  less  stable  than  vegetable :  they  rarely 
remain  separate  from  the  organism;  and,  at  the  same  time, 
the  new  immediate  principles  proper  to  them  are  so  few  that 
their  very  existence  has  been  questioned.  Vegetation  is  evi- 
dently the  diief  source  of  time  organic  compounds,  which  are 
derived  thence  by  the  animal  organism,  and  modified  by  it, 
cither  through  their  mutual  combinations  or  new  external  in- 
fluences. Tims,  the  true  domain  of  chemical  science  must 
necessarily  be  more  extended  by  the  study  of  vegetable  than 
by  that  of  animal  substances. 

Enough  has  been  said  about  the  necessity  of  subjecting 
organic  com^x)mids  to  the  law  of  dualism ;  biit  there  is  a  par- 
ticular a8])ect,  imder  which  the  impoiiaucc  of  this  conception 
in  improving  chemical  theories  is  worth  a  brief  notice. 


354  POSITIVE   PHILOSOPHY. 

A  licat'  of  In  considering  substances  as  ternary  or  quater- 
dufSism  to*  nary,  their  multiplicity  is  accounted  for  only  by 
oi^nic  the  difference  in  the  proportions  of  their  consti- 

oompounds.  tuent  elements^ — their  component  principles  be- 
ing identical.  Very  great  differences  are  sometimes  explained 
by  inequalities  of  proportion  so  small  as  to  shock  the  spirit  of 
ehcmic^  analysis :  and  in  other  cases^  the  proportions  being 
the  same,  the  differences  remain  unaccounted  for; — ^as,  for 
instance,  in  the  eases  of  sugar  and  gum,  in  which  we  find  the 
same  elements,  combined  in  the  same  proportions.  If  we 
extend  dualism  to  oi^nic  compounds,  this  class  of  anomalies 
disappears ;  for  the  distinction  between  immediate  and  elemen- 
tary analysis  enables  us  to  resolve  by  dualism,  in  the  most 
natural  manner,  the  general  paradox  of  the  real  diversity  of 
two  substances  composed  of  the  same  elements,  in  the  same 
proportions.  In  fact,  these  substances,  identical  in  their  ele- 
mentary, would  differ  in  the  immediate  analysis,  as  we  may 
understand  from  what  was  offered  in  my  chapter  on  the  law  of 
definite  proportions.  In  another  connection,  chemists  have  re- 
marked the  possibility  of  exactly  representing  the  numerical 
composition  of  alcohol  or  ether,  etc.,  according  to  several  binary 
formulas,  radically  distinct  from  each  other,  and  yet  finally 
equivalent  with  regard  to  the  elementary  analysis.  Now,  tf 
such  fictitious  combinations  should  ever  be  realized,  they  would  - 
produce  highly  distinct  substances,  which  might  differ  much 
in  the  %iggrcgate  of  their  chemical  properties,  and  yet  coincide 
by  their  elementary  composition.  It  is  only  necessary  to 
transfer  the  same  spirit  into  the  study  of  organic  combina- 
tions, by  the  establishment  of  a  universal  dualism,  to  dissipate 
all  these  anomalies :  and  the  resource  may  thus  be  happily 
prepared,  before  the  cases  of  isomerism  (as  Berzelius  calls  this 
fact)  have  become  very  numerous. 

We  have  now  seen  how  heterogeneous  is  the 
^X^.      ^^y  P^  doctrine  included  under  the  name  of 

organic  chemistry;  how  it  should  be  divided; 
what  is  the  duty  of  physiologists  with  regard  to  their  share  ojf 
it;  and  how  the  extension  of  dualism  will  establish  a  natural 
agreement  between  the  composition  of  substances  and  their 
collective  characters. 

With  regard  to  Cliemistry  at  large,  I  have 
STbooJ.         pointed  out  the  true  spirit  of  the  science,  under 

a  philosophical  view  of  its  present  aspects,  and  of 
the  indispensable  conditions  of  its  advancement.    We  do  not 
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want  new  materials  so  much  as  the  rational  disposition  of  the 
details  which  already  abound :  and  I  liave  offered  bn  o  promi- 
nent ideas,  in  my  sun'cy  of  chemical  philosophy ;  the  fusion 
of  all  genuinely  chemiod  studies  into  one  body  of  homoge- 
neous doctrine ;  and  the  reduction  of  all  combinations  to  the 
indispensable  conception  of  a  dualism  always  optional.  These 
two  conditions,  distinct  but  connected,  have  been  presented  as 
neccssaiy  to  the  definitive  constitution  of  chemical  science. 
The  application  of  such  a  conception  to  the  only  part  of  che- 
mi^  research  which  yet  exhibits  anything  of  a  positive  ra> 
tionality  has  removed  all  doubt  about  its  general  fitness,  by 
showing  its  spontaneous  aptitude  to  resolve  the  anomalies  ci 
numerical  chemistry. 
With  this  division  doses  our  survey  of  the  whole  of  natural 

hilosophy  that  relates  to  universal  or  inorganic  phenomena. 

n  the  order  of  phenomena  to  which  we  next  proceed,  there  is 
at  once  much  more  complexity,  and  much  less  established 
order.  The  study  of  them  is  scarcely  yet  organized ;  and  yet, 
out  of  the  speciality  of  the  phenomena  arises  the  most  indis- 
pensable part  of  natural  philosophy, — that  of  which  Man  is 
first  the  diief  object,  and  then  Society. 
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BOOKV. 
BIOLOGY. 

CHAPTER  I. 

GEKERAL  VIEW  OF  BIOLOGY. 

Oppottte  "^"^  study  of  tlie  external  world  and  of  Man  is 

fUrting-  tbe  eternal  business  of  philosopliy;  and  tliere 

points  in  are  two  methods  of  proceeding ;  oy  passing  firom 

philoM>phy.  ^i^g  g^^jy  ^  ^^  ^  ^1^^^  ^  external  nature,  or 

firom  the  study  of  external  nature  to  that  of  Man.  Wliene^'er 
philosophy  shall  be  perfect,  the  two  methods  will  be  recon- 
ciled: meantime,  the  contrast  of  the  two  distinguishes  the 
opposite  philosophies, — the  theological  and  the  positive.  AVe 
shall  see  hereafter  that  all  theological  and  metaphysical  phi- 
loaopliy  proceeds  to  explain  the  phenomena  of  the  external 
world  from  the  starting-point  of  our  consciousness  of  human 
phenomena ;  whereas,  Uie  positive  philosophy  subordinates  the 
conception  of  Man  to  that  of  the  external  world.  All  the 
multitude  of  incompatibilities  between  the  two  philosophies 
proceed  firom  this  radical  opposition.  If  the  consideration  of 
Man  is  to  prevail  over  that  of  the  universe,  all  phenomena  arc 
inevitably  attributed  to  wiil, — first  natural,  and  then  outside 
of  nature ;  and  this  constitutes  the  tlicological  system.  On 
the  contrary,  the  direct  study  of  the  universe  su^csts  and 
developcs  the  great  idea  of  the  laws  of  nature,  which  is  the 
basis  of  all  ix>sitive  pliilosophy,  and  capable  of  extension  to 
the  whole  of  phenomena,  including  at  last  those  of  )Ian  and 
Society.     Tlie  one  point  of  agreement  among  all  schools  of 
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theology  and  metaphysics,  which  otherwise  differ  without  limit, 
is  that  they  regard  the  study  of  Man  as  primary,  and  tlutt  of 
the  universe  as  secondary, — ^usually  neglecting  the  latter  en- 
tirely. Whereas,  the  most  marked  characteristic  of  the  posi- 
tive school  is  that  it  founds  the  study  of  ^lan  on  the  prior 
knowledge  of  the  external  world. 

This  consideration  affects  physiology  further 
than  by  its  bearing  on  its  encyclopedical  rank.   In   ^^^JigS^ 
this  one  case  the  character  of  the  science  is  affect-  J»»«««y- 

cd  by  it.  The  basis  of  its  positinty  is  its  subordination  to  the 
knowledge  of  the  external  world.  Any  multitude  of  facts^ 
however  well  analysed,  is  useless  as  long  as  the  old  method  of 
philosophizing  is  persisted  in,  and  physiology  is  conceived  of 
as  a  direct  study,  isolated  £rom  that  of  inert  nature.  The 
study  has  assumed  a  scientific  character  only  since  the  recent 
period  when  ntal  phenomena  began  to  be  regarded  as  subject 
to  general  laws,  of  which  they  exhibit  only  simple  modifica- 
tions. Tliis  revolution  is  now  irreversible,  however  incomplete 
and  however  imperfect  have  been  the  attempts  to  establish  the 
positive  character  of  our  knowledge  of  the  most  complex  and 
ludiA-idual  of  physiological  phenomena;  especially  that  of  the 
ncn-es  and  brain.  Yet,  unquestionable  as  is  the  basis  of  the 
science,  its  culture  is  at  present  too  like  that  to  which  men 
have  l)cen  always  accustomed,  pursued  independently  of  mathe- 
matical and  inorganic  philosophy,  which  are  the  only  solid 
foundations  of  the  positinty  of  vital  studies. 

There  is  no  science  with  rcgai'd  to  which  it  is  so  neoessaxy 
to  ascertain  its  true  nature  and  scope;  because  we  have  not 
only  to  assign  its  place  in  the  scale,  but  to  assert  its  originality. 
On  the  one  ha^nd,  metaphysics  strives  to  retain  it;  and  on  the 
other,  the  inorganic  philosophy  lays  hold  of  it,  to  make  it  a 
mere  outl}nng  portion  of  its  scientific  domain.  For  more  than 
a  centmry,  during  which  biology  has  endeavoured  to  take  its 
place  in  the  hierarchy  of  fundamental  scicncesi,  it  has  been 
bandied  between  metaphysics  and  physics;  and  the  strife  can 
Ixi  ended  only  by  the  decision  of  positive  philosophy,  as  to 
what  position  shall  be  occupied  by  the  study  of  lining  bodies. 

The  present  backwardness  of  the  science  is  ex- 
plained by  the  extreme  complexity  of  its  pheno-   JJfJSS|J[|^ 
mena,  and  its  recent  date.  That  complexity  forbids       "^ 
the  hope  that  biological  science  can  ever  attain  a  perfection  com- 
parable to  that  of  the  more  simple  and  general  parts  of  natural 
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philosophy:  and,  from  its  recent  date,  miuds  which  see  in 
every  other  province  the  folly  of  looking  for  first  causes  and 
modes  of  production  of  phenomena,  still  carry  these  notions 
into  the  studv  of  living  bodies.  For  more  than  a  century  in- 
telligent students  have  in  physics  put  aside  the  search  after 
the  mystery  of  weight,  and  have  looked  only  for  its  laws;  yet 
they  reproach  physiology  with  teaching  us  nothing  of  the  na- 
ture of  life,  consciousness,  and  thought.  It  is  easy  to  see  how 
physiology  may  thus  be  supposed  to  be  far  more  imperfect 
than  it  is ;  and  if  it  be,  firom  imavoidable  circumstances,  more 
backward  than  the  other  fundamental  sciences,  it  yet  includes 
some  infinitely  valuable  conceptions,  and  its  scientific  chaiacter 
is  far  less  inferior  than  is  commonly  supposed. 

We  must  first  describe  its  domain. 
Its  field  There  is  no  doubt  that  the  gradual  development 

of  human  intelligence  would,  in  course  of  time, 
lead  us  over  from  the  theological  and  metaphysical  state  to 
the  positive  by  a  series  of  logical  conceptions.  But  such  an 
advance  would  be  extremely  slow ;  and  we  see,  in  fact,  that 
the  process  is  much  quickened  by  a  special  stimulus  of  one 
sort  or  another.  Our  historical  experience,  which  testifies  to 
every  great  advance  having  been  ma<de  in  this  way,  shows  that 
the  most  common  auxiliary  influence  is  the  need  of  application 
of  the  science  in  question.  I^Iost  philosophers  have  said  that 
every  science  springs  from  a  corresponding  art; — a  maxim 
whidi,  amidst  much  exaggeration,  contains  solid  truth,  if  we 
restrict  it,  as  we  ought,  to  the  separation  of  each  science  from 
the  theological  and  metaphysical  philosophy  which  was  the  na- 
tural product  of  early  human  intelligence.  In 
SSkS^e!**  this  view  it  is  true  that  a  double  action  has  led  to 
the  institution  of  science,  the  arts  furnishing  po- 
sitive data,  and  then  leading  speculative  researches  in  the  di- 
rection of  real  and  accessible  questions.  Sut  there  is  another 
side  to  this  view.  AMien  the  science  has  once  reached  a  cer- 
tain degree  of  extension,  the  progress  of  speculative  knowledge 
is  checked  by  a  too  close  connection  of  theory  with  practice. 
Our  power  of  speculation,  limited  as  it  is,  still  far  surpasses 
our  capacity  for  action :  so  that  it  would  be  radically  absurd 
to  restrict  the  progress  of  the  one  to  that  of  the  other.  The 
rational  domains  of  science  and  art  are,  in  general,  perfectly 
distinct,  though  philosophically  connected :  in  the  one  we  learu 
to  know,  and  therefore  to  foreknow;  in  the  other  to  become 
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capable,  and  therefore  to  act.     If  science  springs  finom  art,  if 
can  be  matured  only  when  it  has  left  art  behind.    This  is  pal- 
pably true  \iith  n^turd  to  the  sciences  whose  character  is  dearly- 
recognized.     Archimedes  was,  no  doubt,  deeply  aware  of  it 
when  he  apol<^zed  to  posterity  for  having  for  the   moment 
applied  his  genius  to  practicad  inventions.      In  the  ease  uf 
mathematics  and  astronomy  we  have  almost  lost  sight  of  this 
truth,  from  the  remoteness  of  their  formation;  but,  in  the 
case  of  physics  and  of  chemistiy,  at  whose  scientific  birth  vre 
may  almost  be  said  to  have  been  present,  we  can  ourselFes 
testify  to  their  dependenoe  on  the  arts  at  the  outset,  and  to 
the  rapidity  of  theur  progress  after  their  separation  fix>m  tliem. 
The  first  series  of  chemical  facts  w^cre  furnished  by  the  laboun 
of  art;  but  the  prodigious  recent  development  of  the  scienoe 
is  certainly  due,  for  the  most  part,  to  the  speculative  character 
that  it  has  assumed. 

These  considerations  are  eminently  applicable  to  physiology. 
No  other  science  has  been  closely  connected  witii  a  oone- 
sponding  art,  as  biology  has  with  medical  art, — a  fiict  accounted 
for  by  the  high  importance  of  the  art  and  the  complexity  of 
the  science.    But  for  the  growuig  needs  of  practical  medicine;, 
and  the  indications  it  affords  about  the  chief  vital  phenomena, 
physiology  would  have  probably  stopped  short  at  tiiose  acade- 
mical dissertations,  half  literary,  hsdf  metaphysical,  studded 
irith  episodical  adornments,  which  oonstituted  what  was  called 
the  science  little  more  than  a  century  ago.    The  time  however 
has  arrived  when  biology  must,  like  the  other  sciences,  make  a 
fresh  start  in  a  purely  speculative  direction,  free  from  all  entan- 
glement >\ith  medical  or  any  other  art.  And  when  this  science 
and  the  others  shall  have  attained  an  abstract  complctcnessy 
then  will  arise  the  further  duty,  as  I  have  indicated  bdfore,  of 
connecting  the  system  of  the  arts  with  that  of  the  sciences  by 
an  intermediate  order  of  rational  conceptions.     Meanwhile 
such  an  operation  would  be  premature,  because  the  system  of 
the  sciences  is  not  completely  formed ;  and,  with  regard  to 
physiology  especially,  the  first  necessity  is  to  scpjirate  it  from 
medicine,  in  order  to  secturc  the  originality  of  its  scientific 
character,  by  constituting  organic  science  as  a  consequence  of 
inorgjinic.    Since  the  time  of  Ilallcr  this  process  has  gone  on; 
but  M-ith  extreme  uncertainty  and  imiKJrfcction ;  so  that  ei'cn 
now  the  scienoe  is,  with  a  few  valuable  exceptions,  committed 
to  physicianp,  who  are  rendered  unfit  for  such  a  charge  both 
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by  the  eminent  importance  of  their  proper  business^  and  by 
the  profound  imperfection  of  their  existing  education.  Phy- 
Biology  is  the  only  science  which  is  not  taken  possession  of 
by  minds  exclusively  devoted  to  it.  It  has  not  even  a  regu- 
larly assigned  place  in  the  best-instituted  scient^c  corpora- 
tions. This  state  of  things  cannot  last,  the  importance  and 
difficulty  of  the  science  being  considered.  If  ve  would  not 
confide  the  study  of  astronomy  to  navigators,  we  shall  not 
leave  physiology  to  the  leisure  of  physicians.  Such  an  orga- 
nization as  this  is  a  sufficient  evidence  of  the  prevalent  confu- 
sion of  ideas  about  physiological  science ;  and  when  its  pursuit 
has  been  duly  provided  for,  that  reaction  for  the  benefit  of  art 
will  ensue  which  should  put  to  flight  all  the  fears  of  the  timid 
about  the  separation  of  theory  from  practice.  We  have  seen 
before  how  the  loftiest  truths  of  science  concur  to  put  us  in 
possession  of  an  art ;  and  the  verification  of  this  truth,  which 
physics  and  chemistry  have  affbrded  before  our  eyes,  will  be 
repeated  in  the  case  of  physiology  when  the  science  has  ad- 
vanced as  fiir. 

Its  biecL  Having  pro>ided  for  a  speculative  >'iewof  phy- 

^  ^^  Biology,  we  must  inquire  into  its  object ;  and,  as 
the  vital  laws  constitute  the  essential  subject  df  biology,  we 
must  begin  by  analysing  the  fundamental  idea  of  Itfe. 
Idea  of  life.  Before  the  time  of  Bichat,  this  idea  was 
wrapped  in  a  mist  of  metaphysical  abstractions; 
and  Bichat  himself,  after  having  perceived  that  a  definition  of 
life  could  be  founded  on  nothing  else  than  a  general  view  of 
phenomena  proper  to  living  bodies,  so  far  fdl  under  the  in- 
fluence of  the  old  philosophy  as  to  call  life  a  struggle  between 
dead  nature  and  living  nature.  The  irrationality  of  this  con- 
ception consists  especiaUy  in  its  suppressing  one  of  the  two 
elements  whose  concurrcnoe  is  necessary  to. the  general  idea 
of  life.  Tliis  idea  supposes,  not  only  a  being  so  organized  as 
to  admit  of  the  vital  state,  but  such  an  arrangement  of  ex- 
ternal influences  as  will  also  admit  of  it.  The  harmony  be- 
tween the  living  being  and  the  corresponding  medium  (as  I 
shall  call  its  en\dronmeut)  evidently  diaractcrizes  the  funda- 
mental condition  of  life ;  whereas,  on  Bichat's  supposition, 
the  whole  environment  of  linng  beings  tends  to  destroy  them. 
If  certain  perturbations  of  the  medium  occasionally  destroy 
life,  its  influence  is,  on  the  whole,  prc8er\'ative ;  and  the  causes 
of  injury  and  death  proceed  at  least  as  often  from  neoessaiy 
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and  spontaneous  modifications  of  the  organism  as    Ax>iaA 
tcmal  influences.      Moreover,  one  of  the  main  di^taxBotioixs 
between  the  organie  and  the  inorganic  it^ons  is  that  i  rftoi^gsxiio 
phenomena,  from  their  greater  simplicity  and  generality^  are 
produced  under  almost  any  external  iunuenccs  whiek    ^^nxi^ 
of  their  existence  at  all ;  ^vhile  organic  bodies  are,  frovvm     ebeur 
complexity,  and  the  variety  of  actions  always  proceediii^,  ^vtgwtj^ 
closely  dependent  on  the  influences  around  tnem.    Atsd     ^Iie 
hish^  we  ascend  in  the  ranks  of  organic  1x)dies^  tbe  do^ssoar  is 
this  dependence,  in  proportion  to  the  diversity  of  f unct^icnxs  ^ 
though,  as  we  must  bear  in  mind,  the  power  of  the  orgaxiisKK^ 
in  modifying  the  influences  of  the  medium  rises  in  proportion. 
The  existence  of  the  being  then  requires  a  more  complex 
aggregate  of  exterior  circumstances;  but  it  is  compatible  ytrit^b. 
wider  limits  of  variation  in  each  influence  taken  by  itsdf.      Imm 
the  lowest  rank  of  the  organic  hierarchy,  for  instance,  we  find 
vegetables  and  fixed  animals  which  have  no  effect  on  the  na^^ 
dium  in  which  they  exist,  and  which  would  therefore  perisb 
by  the  slightest  changes  in  it,  but  for  the  very  small  uumbes- 
of  distinct  exterior  actions  rcqtiired  by  their  life.     At  tho 
other  extremity  we  find  Man,  who  can  live  only  by  the  con^ 
currenoc  of  the  most  complex  exterior  conditions,  atmospheri- 
cal and  terrestrial,  under  various  physical  and  dicmical  aspects; 
but,  by  an  indispensable  compensation,  he  can  endure,  in  all 
these  conditions,  much  ividcr  differences  than  inferior  orsan* 
isms  could  support,  because  he  has  a  superior  power  of  re* 
acting  on  the  surrounding  system.    However  great  this  power, 
it  is  as  contradictory  to  Bichat's  ^iew  as  his  dependence  on 
the  exterior  world.     But  this  notion  of  Plan's  independence 
of  exterior  nature,  and  antagonism  to  it,  was  natural  in  Bidiaf  s 
case,  when  physiological  considerations  bore  no  relation  to  any 
hierarchy  of  organisms,  and  when  )Ian  was  studied  as  an  iso- 
lated existence.     However,  the  radical  vice  of  such  a  starting- 
lK)iut  for  such  a  study  coidd  not  but  impair  the  whole  system 
of  Bichat's  physiological  conceptions ;  and  we  shall  see  how 
seriously  tl^e  effects  have  made  themselves  felt. 

Next  ensued  the  abuse,  by  philosophers,  and  especially  in 
Germany,  of  the  benefits  disclosed  by  comparative  anatomy. 
They  generalized  extravagantly  the  abstract  notion  of  life 
yielded  bv  the  study  of  the  aggregate  of  organized  beings, 
making  the  idea  of  life  exactly  equivalent  to  that  of  sponta- 
neous actirity.     As  all  natural  bodies  are  active,  in.  some 
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manner  and  d^rce^  no  distinct  notion  could  be  attached  to 
tlie  tcim ;  and  this  abuse  must  evidently  lead  us  back  to  the 
ancient  confusion^  which  arose  from  attributing  life  to  all 
bodies.  The  inconvenience  of  hanng  two  terms  to  indicate  a 
single  general  idea  should  teach  us  that,  to  prevent  scientific 
questions  from  dc^neratiug  into  a  contest  of  words,  we  must 
carcftdly  restrict  tlic  term  life  to  the  only  really  living  beings, 
— tliQt  IS,  those  which  are  organized, — and  not  give  it  a  mean- 
ing which  would  include  all  possible  organisms,  and  all  their 
modes  of  natality.  In  this  case,  as  in  all  primitive  questions. 
the  philosophers  would  have  done  iviscly  to  respect  the  rou«rh 
but  iudidous  indications  of  popular  good  sense,  which  uill 
e\'er  l)e  the  true  starting-point  of  all  wise  scientific  speculation. 
I  know  of  no  other  successful  attempt  to  define 
^fwS^''.^''  life  than  that  of  M.  de  Blaimille,  proposed  in 
the  introduction  to  his  treatise  on  Comparative 
Anatomy.  He  characterizes  life  as  the  double  interior  motion, 
general'  and  continuous,  of  composition  and  decomposition) 
which  in  fact  constitutes  its  true  universal  nature.  I  do  not 
see  that  this  leaves  anything  to  be  desired,  unless  it  be  a  more 
direct  and  explicit  indication  of  the  two  correlative  conditions 
of  a  determinate  organism  and  a  suitable  medium.  This 
criticism  however  applies  rather  to  die  formula  than  to  the 
conception ;  and  the  conditions  arc  implied  in  the  conception, 
— the  conditions  of  an  organism  to  sustain  the  renovation, 
and  a  medium  to  minister  to  the  absorption  and  exhalation ; 
yet  it  might  have  been  better  to  express  them.  With  this 
modification,  the  definition  is  unexceptionable, — enunciatin*; 
the  one  phenomenon  which  is  common  to  all  liring  bcin^, 
and  excluding  all  inert  bodies.  Here  we  have,  in  my  view, 
the  first  elementary  basis  of  true  biological  philosophy. 

It  is  true,  this  definition  neglects  the  eminent  distinction 
between  the  organic  and  the  animal  Ufe,  and  relates  solely  to 
the  v(^tative  life ;  and  it  appears  to  violate  the  general  prin- 
ciple of  definitions, — that  they  should  exhibit  a  phenomenon 
in  the  case  in  which  it  is  most,  and  not  in  that  in  which  it  is 
least  developed.  But  the  proposed  definition  is  shown,  by 
these  very  oljgections,  to  rest  upon  a  due  estimate  of  the  whole 
biological  hierarchy :  for  the  animal  life  is  simply  a  complc- 
mentarv  advancement  upon  the  organic  or  fundamental  life, 
adapteJ  to  procui*e  materials  for  it  by  reaction  ui)Ou  the  ex- 
ternal worlds  and  to  prepare  or  facilitate  its  acts  by  sensations. 
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looomotion,  etc.,  and  to  preserve  it  from  unfavourable  infhi- 
enccs.    The  higher  animals^  and  Man  especiaUy,  are  the  only 
ones  in  which  this  relation  is  totaDy  suln'crted, — ^the  vegeta- 
tive life  being  destined  to  support  tlie  animal,  whidi  is  erected 
into  the  chief  end  and  preponderant  character  of  organic 
existence.    But  in  Man  himself,  this  admirable  in>'ersion  of 
the  usual  order  becomes  comprehensible  only  by  the  aid  of 
a  remarkable  development  of  intelligence  and  sooality,  which 
tends  more  and  more  to  transform  die  species  artificially  into 
a  single  individual,  immense  and  eternal,  endowed  with  a 
constantly  progressive  action  upon  external  nature.    This  is 
the  only  just  view  to  take  of  this  subordination  of  the  vege- 
tative to  the  animal  life,  as  the  ideal  type  towards  whidi 
cinlized  humanity  incessantly  tends,  though  it  can  never  be 
fully  realized.     We  shall  hereafter  diow  how  this  conception 
is  related  to  tlie  new  fundamental  science  which  I  propose  to 
constitute :  but  in  pure  biology,  the  new  is  unscientific,  and 
can  only  lead  us  astray.    It  is  not  with  the  essential  properties 
of  humanity  that  biology  is  concemod ;  but  with  tlie  indi- 
vidual in  his  relation  to  other  organic  beings;  and  it  must 
therefore  rigorously  maintain  the  conception  of  animal  life 
being  subordinated  to  the  vegetative,  bs  a  general  law  of  the 
organic  realm,  and  the  only  apparent  excqition  to  which  forms 
the  special  object  of  a  wholly  different  mndamental  science. 
It  should  be  added  that,  e\'en  where  the  animal  life  is  the  most 
developed,  the  organic  life,  besides  being  the  bams  and  the 
end,  remains  common  to  all  the  tissues,  wliile,  at  the  same 
time,  it  alone  proceeds  in  a  necessarily  continuous  manner, — 
the  animal  life,  on  the  contrary,  being  intermittent.    These 
are  the  grounds  on  wliich  M.  de*  Blainville's  definition  of  life 
must  be  confirmed,  while,  nevertheless,  we  may  regard  the 
consideration  of  animality,  and  even  of  humanity,  as  the  most 
important  object  of  biology. 

Tliis  analysis  of  the  phenomenon  of  life  will  . . 

help  us  to  a  dear  definition  of  the  science  which  ^^^ 
relates  to  it.  We  have  seen  that  the  idea  of  life  ^^' 
supposes  the  mutual  relation  of  two  indispensable  dements, 
— an  organism,  and  a  suitable  .medium  or  en\ironmeiit.  It  is 
from  the  reciprocal  action  of  these  two  dements  that  all  the 
vital  phenomena  proceed; — ^not  only  the  animal,  but  also  the 
organic.  It  immediatdy  follows  that  the  great  problem  rf 
positive  biology  consists  in  establishiug,  in  the  most  geoenl 
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and  simple  manuer,  a  scientific  liarmony  between  these  two 
inseparable  powers  of  the  vital  conflict^  and  the  act  which 
constitutes  that  conflict :  in  a  word,  in  connecting,  in  both  a 
general  and  special  manner,  the  double  idea  of  oi^;an  and  me- 
dium with  that  of  function.  The  idea  of  function  is,  in  fact,  as 
double  as  the  other ;  and,  if  we  were  treating  of  the  natural 
history  of  vital  beings,  we  must  expressly  consider  it  so :  for, 
by  the  law  of  the  equivalence  of  action  and  reaction,  the  or* 
ganism  must  act  on  the  medium  as  much  as  the  medium 
on  the  organism.  In  treating  of  the  human  being,  and  espe- 
cially in  the  social  state,  it  would  be  necessary  to  use  the 
term  function  in  this  lareer  sense :  but  at  present  there  will  be 
little  inconvenience  in  adopting  it  in  its  ordinary  sense,  signify- 
ing oi'ganic  acts,  independently  of  their  exterior  consequences. 
Siolog}',  then,  may  be  regarded  as  having  for  its  object  the 
connecting,  in  each  determinate  case,  the  anatomical  and  tlic 
physiologiod  point  of  view ;  or,  in  other  words,  the  statical 
and  dynamical.  This  peroetual  relation  constitutes  its  true 
philosopliical  character.  Flaced  in  a  given  system  of  exterior 
circumstances,  a  definite  organism  must  always  act  in  a  ne- 
cessarily determinate  manner ;  and,  inversely,  the  same  action 
could  not  be  precisely  produced  by  really  distinct  oi^nisms. 
We  may  then  conclude  interchangeably,  the  act  from  the  sub- 
ject, or  the  agent  from  the  act.  The  surrounding  system 
being  always  supposed  to  be  known,  according  to  the  other 
fundamental  sciences,  the  double  biological  problem  may  be 
laid  down  thus,  in  the  most  mathematical  form,  and  in  gene- 
ral terms :  Given,  t/ie  organ  or  organic  modification,  to  find 
the  function  or  the  act ;  and  reciprocally.  This  definition 
seems  to  me  to  fulfil  the  chief  philosophical  conditions  of  the 
science;  and  especially  it  provides  for  that  rational  prevision, 
which,  as  has  been  so  often  said,  is  the  end  of  all  true  science ; 
■  an  end  which  abides  through  all  the  degrees  of  impc^ectiou 
which,  in  any  science,  at  present  prevents  its  attainment.  It 
is  eminently  important  to  keep  this  end  in  view  in  a  science 
so  intricate  as  this,  in  which  tiic  multitude  of  detdls  tempts 
to  a  fatal  dispersion  of  efforts  upon  desultory  researches.  Ko 
one  disputes  that  the  most  perfect  portions  of  the  science  are 
those  in  which  precision  has  been  lx»t  realized ;  and  this  is  a 
sufficient  justification  of  the  proposal  of  this  aim,  whether  or 
not  it  shall  ever  be  fully  attained.  My  definition  excludes  the 
old  dixision  between  anatomy  and  physiology,  because  I  be- 
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licve  that  dinsion  to  hare  marked  a  very  early  stage  at  the 
science,  and  to  be  no  longer  sustainable.  It  was  by  the  siin- 
pie  and  easy  considerations  of  anatomy  that  the  old  nu^tapliv- 
sical  view  was  discredited,  and  positivity  first  introducx^d  into 
biology :  but  that  service  once  accomplished,  no  reason  le- 
mains  for  the  separation ;  and  the  di>iBion,  in  fact,  is  growing 
fainter  every  day. 

Not  only  does  my  definition  abstain  firom  separating  anatomj^ 
from  physiolc^ ;  it  joins  to  it  another  essential  part,  the  na- 
ture ot  wliich  is  little  known.     If  the  idea  of  life  is  really  in- 
separable from  that  of  organization,  neither  can  be  severed, 
as  we  have  seen,  from  that  of  a  medium  or  environment,  in  a 
determinate  relation  with  them.     Hence  arises  a  third  ele- 
mentary aspect ;  viz.,  the  general  theory  of  organic  media, 
and  of  their  action  upon  the  organism,  abstractedly  regarded. 
This  is  what  the  German  pliilosophers  of  our  day  confusedly 
asserted  in  their  notion  of  an  intermediate  realm,-— of  air  and 
water, — uniting  the  inorganic  and  organic  worlds  :  and  this 
is  what  M.  de  Blainville  had  in  view  in  what  he  called  the 
study  of  exterior  modifiers,  general  and  special.    Uuliappily, 
this  portion  which,  after  anatomy  proper,  is  the  most  indis- 
pensable preliminary  of  biology,  is  still  so  obscure  and  im- 
perfect that  few  physiologists  even  suspect  its  existence. 

The  definition  that  I  have  proposed  aids  us  in  descrilnng 
not  only  the  object  or  nature  of  the  science,  but  its  subject, 
or  domain :  for,  according  to  this  formula,  it  is  not  in  a  single 
organism,  but  in  all  known,  and  even  possible  organisms,  that 
biology  must  endeavour  to  establish  a  constant  and  ncocssanr 
harmony  between  the  anatomical  point  of  view  and  the  physf- 
ological.  This  unity  of  subject  is  one  of  the  chief  philosophi- 
cal beauties  of  biology ;  and,  in  order  to  maintain  it,  we  must 
here  avow  that,  in  the  midst  of  an  almost  infinite  divcrsitj, 
the  study  of  ^lan  must  always  prevail,  and  rule  all  the  rest, 
whether  as  starting-point  or  aim.    Our  hope,  in  studying 
other  organisms,  is  to  arrive  at  a  more  exact  knowledge  of 
Man :  and  again,  the  idea  of  Man  is  the  only  posnble  standi 
ard  to  which  we  can  refer  other  organic  systems.    In  this 
sense,  and  in  this  only,  can  the  point  of  Aiew  of  the  auti- 
qnatod  philosophy   be  sustained  by   the  deeiicr  philosophj 
Avhich  is  taking  its  place.    Such  is,  then,  the  neccssu}'  conso- 
hdation  of  all  the  parts  of  biological  science,  notwithstanding 
the  imposing  vastness  of  its  rational  domain. 
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As  for  the  means  of  investigation  in  this  sd* 
^~  ?J^'  ence,— the  first  obsenation  that  occurs  is  that  it 
affonls  a  striking  confirmation  of  the  philoso- 
phical law  before  laid  down,  of  the  inentable  increase  of  our 
scientific  resources  in  proportion  to  the  complication  of  the 
phenomena  in  question.  If  biological  phenomena  are  incom- 
parably more  complex  than  those  of  any  preceding  science, 
the  study  of  them  admits  of  the  most  extensive  assemblage 
of  intellectual  means  (many  of  them  new)  and  developes  hu- 
man faculties  hitherto  inactive,  or  known  only  in  a  nidimen- 
tarr  state.  Tlie  l<^cal  resources  which  are  thus  obtained 
wOi  be  exhibited  hereafter.  At  present,  we  must  notice  the 
means  of  direct  exploration  and  analysis  of  phenomena  in  this 
science. 

First,  Observation  acquires  a  new  extension. 
Obsekvatio!!.  Chemistry  admitted  the  use  of  all  the  five  senses ; 
but  biology  is,  in  this  respect,  an  advance  upon  chemistry. 
AVe  can  here  employ  an  artificial  apparatus  to  perfect  the  na- 
tural sensations,  and  especially  in  the  case  of  sight.  Much 
needing  precaution  in  the  use,  and  very  subject  to  abuse,  as  is 
this  resource,  it  will  always  be  eagerly  employed.  In  a  stati- 
cal view,  such  an  apparatus  helps  us  to  a  much 
Artifidal  tp-  Y^^^  estimate  of  a  structure  whose  least  per- 
^^  ceptible  details  may  acquire  a  primary  import- 

ance, in  various  relations :  and,  even  in  the  dynamical  view, 
though  much  less  favourable,  we  are  sometimes  enabled  by 
these  artificial  means  to  observe  directly  the  elementary  play 
of  the  smallest  organic  parts,  which  are  the  ordinary  basis  of 
the  principal  vital  phenomena.  TiU  recently,  these  aids  were 
limited  to  the  sense  of  sight,  which  here,  as  e^'crywhere  else, 
is  the  chief  asent  of  scientific  obscn'ation.  But  some  instru- 
ments have  Dcen  densed  in  our  dav  to  assist  the  hearing; 
and,  though  invented  for  pathologicd  investigations,  they  are 
equally  fit  for  the  study  of  the  healthy  organism.  Tliough 
rough  at  present,  and  not  to  be  compared  to  microscopic  ap- 
paratus,  these  instruments  indicate  the  improvements  that 
may  be  made  hereafter  in  artificial  hearing.  Moreover,  they 
suggest,  by  analogy,  that  the  other  senses,  not  excepting  even 
touch,  may  admit  of  sudi  assistance,  hinted  to  the  restless 
sagacity  of  explorers  by  a  better  theory  of  the  corresponding 
sensations. 

Next,  the  biologist  has  an  advantage  over  the  chemist  in 
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being  able  to  employ  the  wbole  of  chemical  pro-  . 

ccdiircs,  as  a  sort  of  new  power,  to  perfect  the  S^^i^  "' 
preliminary  exploration  of  the  subject  of  his  re- 
searches^ according  to  the  evident  rule  of  philosophy  that  each 
doctrine  may  be  converted  into  a  method  with  regard  to  those 
that  follow  it  in  the  scientific  hierarchy ;  but  never  ^nth  re- 
gard to  those  which  precede  it.  In  anatomical  obscn'ations, 
especially,  as  might  be  foreseen,  a  happy  use  is  made  of  che- 
mical procedure,  to  characterize  with  precision  the  different 
elementary  tissues,  and  the  chief  products  of  the  organism. 
In  physiological  obsen*ations  also,  though  they  are  less  fa- 
vourable to  the  use  of  such  means,  they  are  of  real  and  notable 
efficacy, — ^always  supposing,  in.  both  cases,  that  they  arc  used 
under  the  guidance  of  sound  philosophy,  and  not  overcharged 
with  the  minute  numerical  details  wliicli  too  often  burden  the 
chemical  analyses  of  the  organic  tissues.  One  more  resource 
may  be  mentioned,  which  was  often  employed  by  Bichat  to 
make  up  for  the  absence  or  imperfection  of  chemical  tests; 
the  examination  of  alimentary  effects, — the  substances  wliich 
immediately  com[)ose  organized  bodies  being,  usually,  bv  their 
nature,  more  or  less  fit  for  nutrition.  In  an  anatomical  ^iew, 
this  study  may  become  a  useful  complement  of  the  other 
means  of  investigation. 

Proceeding  to  the  second  class  of  means, — ^Ex-  bxperimwt. 
pcrimcnt  cannot  but  be  less  and  less  decisive,  in 
proportion  to  the  complexity  of  the  phenomena  to  be  explored : 
and  therefore  we  saw  this  resource  to  be  less  effectual  in  die- 
mistry  than  in  physics;  and  we  now  find  that  it  is  eminently 
usefiil  in  chemistrv  in  comparison  with  physiology.  In  fact, 
the  nature  of  the  pnenomena  seems  to  offer  sdmost  insiumount- 
able  impediments  to  any  extensive  and  prolific  apjilication  of 
such  a  procedure  in  biology.  These  phenomena  require  the 
concurrence  of  so  large  a  number  of  distinct  influences,  ex- 
ternal and  internal,  which,  however  diverse,  are  closely  con- 
nected with  each  other,  and  yet  within  narrow  limits,  that, 
however  easy  it  mav  be  to  disturb  or  suspend  the  process  under 
notice,  it  is  beyond  measure  difficult  to  effect  a  determinate 
perturbation.  If  too  ])owerful,  it  would  obriate  the  pheno- 
menon :  if  too  feeble,  it  would  not  sufficiently  mark  the  arti- 
ficial case.  And,  on  the  other  liand,  though  intended  and  di- 
rected to  modify  one  only  of  the  phenomena,  it  must  presently 
affect  several  others^  in  virtue  of  their  mutual  sjnmpathy.  Tims, 
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it  requires  a  highly  philosophical  spirit^  acting  with  extreme 
circumspection,  to  conduct  physiological  experiments  at  all; 
and  it  is  no  Avondcr  if  such  experiments  have,  with  a  few  happy 
exceptions,  raised  scientific  difficulties  greater  than  those  pro- 
posed to  be  solved, — ;to  say  nothing  of  those  innumerable  ex- 
periments which,  ha\Hng  no  definite  aim,  have  merely  encum- 
bered the  science  with  idle  and  unconnected  details. 

In  accordance  with  what  has  been  said  of  the  mutual  rela- 
tions of  the  oi^anism  and  its  environment,  we  must  bear  in 
mind  that  experiments  in  physiology  must  be  of  two  kinds. 
We  must  introduce  determinate  perturbations  into  the  medium 
as  well  as  the  organism ;  whereas  the  latter  process  has  alone 

been  commonly  attempted.  If  it  is  objected  that 
tbeom^m     *^®  organism  must  itself  be  disturbed  by  such 

affection  of  the  medium,  the  answer  is  that  the 
study  of  this  reaction  is  itself  a  part  of  the  experiment.  It 
should  be  remarked  that  experimentation  on  the  organism  is 
much  the  less  rational  of  the  two  methods,  because  the  con- 
ditions of  experiment  are  much  less  easily  fulfilled.  The  first 
rule,  that  the  change  introduced  shall  be  fully  compatible 
with  the  existence  of  the  phenomenon  to  be  obsen*ed,  is 
rendered  often  impracticable  by  the  incompatibility  of  Ufe 
with  much  alteration  of  the  organs :  and  the  second  rule, — 
that  the  two  compared  cases  shall  differ  under  only  one  point 
of  new, — is  baffied  by  the  mutual  sympathy  of  the  oi^ans, 
which  is  very  different  fix)m  their  harmony  with  their  emi- 
ronmcnt.  In  both  lights,  nothing  can  be  imagined  more 
futile  in  the  way  of  experiment  tlian  the  practice  of  vivisec- 
tion, which  is  the  commonest  of  all.  Setting  aside  the  consi- 
deration of  the  cruelty,  the  levity,  and  the  bad  moral  stimulus 
involved  in  the  case,  it  must  be  pronounced  absurd ;  for  any 
positive  solution  is  rendered  impossible  by  the  induct  death 
of  a  system  eminently  indinsible,  and  the  universal  disturbance 
of  the  organism  under  its  approach. 

Tlie  second  class  of  physiological  experiments 
SeM^kmu     ^^PP^^*^  ^  °^®  much  morc  promising; — that  in 

which  the  systf^m  of  exterior  circumstances  is 
modified  for  a  determinate  purpose.  Scarcely  anything  has 
been  done  in  this  direction  beyond  some  incomplete  researches 
into  the  action  of  artificial  atmospheres,  and  the  comparative 
influence  of  diflcrcnt  kinds  of  alimentation.  We  arc  here 
better  able  to  circumscribe,  mth  scientific  precision,  the  arti- 
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ficial  pertnrhation  we  produce ;  wc  can  control  tlic  actioa  upon 
the  oi^i^anism,  so  that  the  general  disturbance  of  the  system 
may  affect  the  observation  vciy  slightly;  and  we  can  suspend 
the  process  at  pleasure,  so  as  to  aUow*  the  restoration  of  the 
normal  state  before  tlie  orgamism  has  nndei^ue  any  irrepa- 
rable change.  It  is  easy  to  sec  how  favourable,  in  comjiarison, 
these  conditions  are  to  rational  induction.  And  to  these  con- 
siderations may  be  added  the  one  more,  tliat  under  this  me- 
thod we  can  obscn-e  varying  states  in  one  individual ;  whereas, 
under  the  practice  of  vivisection,  we  have  to  ol)scrve  tlie  iM»r* 
mal  state  in  one  individual,  and  the  artificial  in  another. 
Thus  we  are  justified  in  our  satisfaction  that  the  least  violent 
method  of  experimentation  is  the  most  instructiTe. 

As  to  the  application  of  experiment  in  the  va^ 
rious  degrees  of  the  biol<^cal  scale; — ^it  is  easiest  ^!^^^^ 
in  the  lower  order  of  organisms,  because  their 
organs  are  simpler  and  fewer,  their  mutual  sympathy  is  less, 
and  their  environment  is  more  definite  and  less  complex;  and 
these  advantages,  in  my  opinion,  more  than  compensate  tat  the 
restriction  of  the  field  of  experiment.    It  is  true,  we  are  re- 
mote from  the  human  type,  which  is  the  fiindamental  unity  of 
biology;  and  our  judgment  is  thus  impaired,  especially  with 
regard  to  the  phenomena  of  animal  life:  but,  on  the  other 
httod,  we  are  all  the  nearer  to  the  scientific  constitution  pro- 
per to  inoi^anie  physics,  which  I  consider  to  be  the  ultimate 
destination  of  the  art  of  experiment.    The  advantages  at  the 
other  end  of  the  scale  are  that  the  higher  the  organism,  the 
more  is  it  susceptible  of  modification,  both  fit>m  its  own  com- 
plexity and  firom  the  greater  varic^  of  external  influences 
involved ; — every  advantage  bringing  with  it,  as  we  have  seen, 
an  increase  of  difficulty. 

No  one  TnU  suppose,  I  trust,  that  from  anything  I  have  said 
I  have  the  slightest  desire  to  undervalue  the  use  of  experi- 
ment in  biology,  or  to  slight  such  achievements  as  Harvey's 
experiments  on  circulation ;  Mailer's  on  irritability ;  part  of 
Spllanzani's  on  digestion  and  generation;  Bichat's  on  the 
triple  harmony  between  the  heart,  the  brain,  and  the  lungs  in 
the  sujKrior  animals;  those  of  Lq^llois  on  animal  heat ;  and 
many  analogous  efforts  which,  seeing  the  vast  difficulty  of  the 
subject,  may  rival  the  most  perfect  investigations  in  physics. 
My  object  is  simply  to  rectify  tlic  false  or  exaggerated  notions 
of  tlie  capacity  of  the  experimental  method,  misled  by  its 

b8 
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apparent  facility  to  suppose  it  tlie  best  method  of  ph^^siological 
research ;  which  it  is  not.  One  consideration  remains  in  this 
connection ;  the  consideration  of  the  high  sdeutific  destination 
of  pathological  investigation^  reganled  as  offering,  in  biology, 
the  real  equivalent  of  experimentation,  properly  so  called. 

Precisely  in  the  case  m  which  artificial  cxperi- 
wr"*!^    mentation  is  the  most  difficult,  nature  fulfils  the 
^"  ^  conditions  for  us;  and  it  would  surely  be  mis- 

taking the  means  for  the  end  to  insist  on  introducing  into  the 
organism  perturbations  of  our  own  demising,  when  we  may  find 
them  taking  place  without  that  additional  confusion  which  is 
caused  by  the  use  of  artificial  methods.  Physiological  pheno- 
mena lend  themsdyes  remarkably  to  that  spontaneous  experi- 
mentation which  results  from  a  comparison  of  the  normal  and 
abnormal  states  of  the  organism.  The  state  of  disease  is  not 
a  radically  different  condition  from  that  of  health.  The  patho- 
logical condition  is  to  the  physiological  simply  a  prolongation 
of  the  limits  of  variation,  higher  or  lower,  proper  to  each  phe- 
nomenon of  the  normal  organism ;  and  it  can  never  produce 
any  entirely  new  phenomenon.  Tliercfore,  the  accurate  idea 
of  the  physiolc^G^  state  is  the  indispensable  ground  of  any 
sound  pathological  theory;  and  therefore,  again,  must  the 
scientific  study  of  pathological  phenomena  be  the  best  way 
to  perfect  our  investigations  into  the  normal  state.  The 
gradual  invasion  of  a  malady,  and  the  slow  passage  from  an 
almost  natural  condition  to  one  of  fully  marked  Sscase,  arc 
£Eur  from  being  useless  preliminaries,  got  rid  of  by  the  abrupt 
introduction  of  what  may  be  called  the  violent  malady  of 
direct  axjKrimcnt :  they  offer,  on  the  contrary,  inestimable  ma- 
terials to  the  biologist  able  to  put  them  to  use.  And  so  it  is 
also  in  the  happy  converse  case,  of  the  return,  spontaneous  or 
contrived,  to  health,  wliich  presents  a  sort  of  verification  of 
the  primitive  analysis.  ^lorcover,  tlie  direct  examination  of 
the  chief  phenomenon  is  not  ol)sciured,  but  much  elucidated, 
by  this  natural  process.  And  again,  it  may  be  applied  directly 
to  Man  himself,  without  prejudice  to  the  pithdlogy  of  animals, 
and  even  of  vegetables.  AVe  may  enjoy  our  power  of  turning 
our  disasters  to  the  profit  of  our  race :  and  we  cannot  but 
deplore  the  misfortune  that  our  great  medical  establishments 
are  so  constituted  as  that  little  rational  instruction  is  obtained 
from  them,  for  want  of  complete  obser\'ations  and  duly  pre- 
pared observers. 
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Here,  as  elsewhere,  the  distinction  holds  of  the  phcuoiueua 
belonging  to  the  organism  or  to  the  medium ;  and  here,  as 
before,  ue  find  the  maladies  produced  from  without  the  most 
accessible  to  inquiry.  Pathological  iuijuiry  is  also  more 
suitable  than  ex|x;rimental,  to  the  whole  biological  scries :  and 
thus  it  answers  well  to  extend  our  observations  t1nx>ugh  the 
entire  hierarchy,  though  our  object  may  be  the  study  of  ^lan ; 
for  his  maladies  may  receive  much  light  from  a  sound  analyns 
of  the  derangements  of  other  oi^anisms, — even  the  vq2;ctable^ 
as  we  shaU  see  when  we  treat  of  the  comparative  process.  - 

Again,  pathological  analysis  is  applicable,  not  only  to  all 
organisms,  but  to  all  phenomena  of  the  same  organism^ 
whereas  direct  experimentation  is  too  distiurbing  and  too  abrupt 
to  be  ever  applied  with  success  to  certain  phenomena  which 
require  the  most  delicate  harmony  of  a  varied  system  of  con- 
ditions.  For  instance,  the  observpition  of  the  numerous  ma- 
ladies of  the  nervous  system  offers  us  a  special  and  inestimable 
means  of  impronng  our  knowledge  of  the  laws  of  intellectual 
and  moral  phenomena,  imperfect  as  are  yet  our  qualifications 
for  using  them.  Tliere  remains  one  other  means  of  knowledge 
mider  this  head;  the  examination  of  exceptional  oipmisa- 
tions,  or  cases  of  monstrosity.  As  might  be  anticipated,  these 
organic  anomalies  were  the  last  to  pass  over  from  the  gase  of 
a  barren  ciuriosity  to  the  investigation  of  science;  but  we  are 
now  learning  to  refer  them  to  the  laws  of  the  n^ular  organ- 
ism, and  to  subject  them  to  pathological  procedures,  regarding 
such  exceptions  as  true  maladies,  of  a  deeper  and  more  obscure 
origin  than  others,  and  of  a  more  incurable  naturo ; — consi- 
derations which,  of  course,  reduce  their  scientific  value.  This 
resource  shares  with  pathology  the  advantage  of  being  appli- 
cable tlnx>ugh  the  whole  range  of  the  biological  system. 

It  is  still  necessary  to  insist  that,  in  either  method  of  expe- 
rimentation, direct  or  indirect,  artificial  or  natural,  the  de- 
mcutary  rules  should  be  kept  in  view;  first,  to  have  a  deter- 
minate aim ;  that  is,  to  seek  to  illustrate  an  organic  pheno- 
menon, under  a  special  aspect ;  and,  secondly,  to  understand 
beforehand  the  normal  state,  and  its  limits  of  variation.  In 
regard  to  the  moro  advanced  sciences,  it  would  seem  puerile 
to  recommend  such  maxims  as  these ;  but  we  must  still  insist 
on  them  in  biology.  It  is  through  neglect  of  them  that  all 
the  obscn^ations  yet  collected  on  the  derangements  of  the  in- 
tellectual and  moral  phenomena  have  yielded  scarcely  any 


372  POSITIVE  PHILOSOPHY. 

knowledge  of  their  laws.  Thus,  whate^'er  may  be  the  value 
of  the  most  suitable  method  of  experimentation,  we  must 
ever  remember  that  here,  as  elsewhere,  and  more  than  else- 
where, pure  observation  must  always  hold  the  first  rank,  as 
casting  light,  primarily,  on  the  whole  subject,  which  it  is  pro- 
posed to  examine  afterwards,  as  a  special  study,  with  a  deter- 
minate  view,  by  the  method  of  experimentation. 
Co  BiBOjr  ^^  *^^  third  place,  we  have  to  review  the  me- 
thod of  Comparison,  which  is  so  specially  adapted 
to  the  study  of  living  bodies,  and  by  which,  above  all  others, 
that  study  must  be  advanced.  In  Astronomy,  this  method  is 
necessarily  inapplicable :  and  it  is  not  till  we  arrive  at  Che- 
mistry that  this  third  means  of  investigation  can  be  used; 
and  then,  only  in  subordination  to  the  two  others.  It  is  in 
the  study,  both  statical  and  dynamical,  of  living  lK)dies,  that  it 
first  acquires  its  full  development;  and  its  use  elsewhere  can 
^be  only  through  its  application  here. 

The  fundamental  condition  of  its  use  is  the  unity  of  the 
principal  subject,  in  combination  with  a  great  diversity  of  ac- 
tual modifications.  According  to  the  definition  of  lUe,  this 
combination  is  eminently  realized  in  the  study  of  biological 
phenomena,  however  regarded.  The  whole  system  of  biolo- 
gical science  is  derived,  as  we  have  seen,  from  one  great 
philosophical  conception;  the  necessary  correspondence  be- 
tween the  ideas  of  organization  and  those  of  life.  There 
cannot  be  a  more  perfect  fundamental  unity  of  subject  than 
this ;  and  it  is  unnecessary  to  insist  upon  the  almost  indefinite 
variety  of  its  modifications, — statical  and  dynamical.  In  a 
purely  anatomical  view,  all  possible  organisms,  all  the  parts  of 
each  organism,  and  all  the  difibrent  states  of  each,  necessarily 
present  a  common  basis  of  structure  and  of  composition, 
whence  proceed  successively  the  dificrcnt  secondary  organiza- 
tions which  constitute  tissues,  organs,  and  systems  of  organs, 
more  or  less  complicated.  In  the  same  way,  in  a  physiological 
view,  all  living  beings,  from  vegetable  to  man,  considered  in 
all  the  acts  and  periods  of  their  existence,  are  endowed  with  ^, 
certain  common  ntality,  wliich  is  a  necessary  basis  of  the  in-^ 
numerable  phenomena  which  characterize  them  in  their  de- 
grees. Both  these  aspects  present  as  most  important,  and 
really  fundamental,  what  there  is  in  common  among  all  the 
cases;  and  their  particularities  as  of  less  consequence;  which 
is  in  accordance  with  the  great  prevalent  law^  that  the  more 
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general  phenomena  overrule  the  less.   Thus  broad  and  sound  is 
the  basis  of  the  comparative  method,  in  regard  to  biology. 

At  the  first  glance  the  immensity  of  the  science  is  over- 
whelming to  the  understanding,  cmoracing  as  it  docs  all  or- 
ganic and  vital  cases,  which  it  appears  impossible  ever  to  re- 
duce within  the  compass  of  our  knowledge :  and  no  doubt, 
the  discouragement  hence  arising  is  one  cause  of  the  back- 
wardness of  biological  pliilosophy.  Yet  the  tnith  is  that  this 
very  magnitude  affords,  not  an  obstacle,  but  a  facility  to  the 
penecting  of  the  science,  by  means  of  the  luminous  compari- 
son which  results  from  it,  when  once  the  human  muid  be- 
comes familiar  enough  with  the  conditions  of  the  study  to 
dispose  its  materials  so  as  to  illustrate  each  other.  The  sci- 
ence could  make  no  real  progress  while  Man  was  studied  as 
an  isolated  subject.  ^lan  must  necessarily  be  the  type ;  be- 
cause he  is  the  most  complete  epitome  of  tlie  whole  range  of 
cases :  Alan,  in  his  adult  and  normal  state,  is  the  representative 
of  the  great  scientific  unity,  whence  the  successive  terms  of  the 
great  biological  scries  recede,  till  they  terminate  in  the  sim- 
plest organizations,  and  the  most  imperfect  modes  of  existence. 
But  the  science  would  remain  in  the  most  defective  state  in 
regard  to  Man  himself,  if  it  were  not  pursued  through  a  per- 
petual comparison,  under  all  possible  aspects,  of  the  first 
term  with  dl  inferior  ones,  till  die  simplest  was  reached :  and 
then,  back  again,  through  the  successive  complications  which 
occur  between  the  lowest  type  and  the  highest.  This  is  the 
most  general,  the  most  certain,  the  most  effectual  method 
of  studving  physiological  as  wcU  as  anatomical  phenomena. 
Not  only  is  there  tlius  a  greater  number  of  cases  known,  but 
each  case  n  much  better  understood  by  their  approxima- 
tion.  This  ^ould  not  be  the  case,  and  the  problem  would 
be  embaiTass  d  instead  of  simplified,  if  there  were  not  a  fun- 
damental resemblance  among  the  whole  series,  accompanied 
by  gradual  modifications,  always  regulated  in  their  course : 
and  this  is  the  reason  why  the  comparative  method  is  appro- 
priate to  biology  alone,  of  all  the  sciences,  except,  as  we  shall 
see  hereafter,  in  social  physics. 

Complete  and  spontaneous  as  this  harmony  really  is,  no 
philosopher  can  contemplate  ^rithout  admiration  the  eminent 
art  by  which  the  human  mind  has  Ixien  aided  to  convert  into 
a  potent  means  what  appeared  at  first  to  be  a  formidable  diffi- 
cidty.    I  know  no  stronger  endcnee  of  the  force  of  human 
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reason  than  such  a  transformation  affords.  And  in  this  case^ 
as  in  every  other  in  'wliich  primordial  seientific  powers  are 
conecrucd,  it  is  the  work  of  the  whole  raee,  gradually  deve- 
loped in  the  course  of  ages,  and  not  the  original  product  of 
any  isolated  mind^ — however  some  modems  may  be  asserted 
to  be  the  creators  of  comparative  biology.  Between  the  pri- 
mitive  use  that  Aristotle  made  of  this  method  in  the  easiest 
cases, — as  in  comparing  the  structure  of  Alan's  upper  and 
lower  limbs, — ^to  the  most  profound  and  abstract  approxima^ 
tions  of  existing  biology,  we  find  a  very  extensive  series  of 
intermediate  states,  constantly  progressive,  among  v/hich  his- 
tory can  ixnnt  out  individually  only  labours  which  prove  what 
had  been  the  advance  in  the  spirit  of  the  comparative  art  at 
the  corresponding  period,  as  manifested  by  its  larger  and  more 
effectual  application.  It  is  evident  that  the  comparative  me- 
thod of  biologists  was  no  more  the  invention  of  an  individual 
than  the  experimental  method  of  the  physicists. 
Fire  Unds  of  Tlicrc  are  five  principal  heads  under  which  bio- 
oomparison.      logical  comparisons  are  to  be  classed. 

1.  Comparison  between  the  different  parts  of  the  same  or- 
ganisuL 

2.  Comparison  between  the  sexes. 

3.  Comparison  between  the  various  phases  pi*esented  by  the 
whole  of  the  development. 

4.  Comparison  between  the  different  races  or  varieties  of 
each  species. 

5.  Lastly,  and  pre-eminently.  Comparison  between  all  the 
organisms  of  the  biological  hierarchy. 

It  must  be  understood  that  the  organism  is  always  to  be 
supposed  in  a  normal  state.  AVhcn  the  laws  of  that  state  are 
fully  established,  we  may  pass  on  to  pathological  comparison, 
which  will  extend  the  sco])e  of  those  laws :  but  we  are  not  yet 
advanced  enough  in  our  knowledge  of  normal  conditions  to 
undertake  anything  beyond.  Moreover,  though  com})arative 
pathology  would  be  a  necessary  application  of  biological  sci- 
ence, it  cannot  form  a  ])art  of  that  science,  but  rather  belongs 
to  the  future  medical  science,  of  which  it  must  form  the  basis. 
— ^Again,  biological  comparison  can  take  place  only  between 
the  oi^anisms,  and  not  between  them  and  their  medium. 
When  such  comparison  comes  to  Ix;  instituted,  it  will  be,  not 
as  biological  science,  but  as  a  matter  of  natural  history. 

Tlie  s})irit  of  biological  comparison  is  the  same  under  all 
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bnns.     It  consists  in  Hoarding  all  cases  as  raclicalljr  analo- 
rous  in  respect  to  the  proposed  investigation,  and  in   mepre- 
icntiug  their  differences  as  simple  modifications  of  an  abdstract 
ype ;  so  that  secondary  differences  may  be.  cpnnectecl    iviitli 
;hc  primary  according  to  uniform  laws ;  these  laws  coustitut* 
ng  the  biological  philosophy  by  which  cadi  determinate  case 
s  to  be  explained.    If  the  question  is  anatomical,  if  an,  in  Iiis 
idult  and  normal  state,  is  taken  for  the  fundamental  uxu^j;, 
iud  all  other  organizations  as  successive  simplifications,  de- 
scending from  the  primitive  type,  whose  essential  features  ^vrill 
be  found  in  the  remotest  cases,  stripped  of  all  complication. 
If  the  question  is  physiological,  we  seek  the  fundamentsl 
identity  of  the  cliicf  phenomenon  wliieh  characterizes  the  {iino- 
tion  pro^xiscd,  amidst  the  gradimtcd  modifications  of  the  senes 
of  comparative  eases,  till  we  find  it  isolated,  or  nearly  so,  in. 
the  simplest  case  of  all ;  and  thence  we  may  trace  it  baok 
again,  clothed  in  successive  complications  of  secondary  quali- 
ties. Thus,  the  theory  of  anal(^us  existences,  which  has  been 
offered  as  a  recent  innovation,  is  only  the  necessary  principle 
of  the  comparative  method,  under  a  new  name.    It  is  c\ident 
that  this  method  must  be  of  surpassing  value  when  philoso- 
phically applied :  and  also  that,  delicate  as  it  is,  and  requiring^ 
extreme  aiscrimination  and  care  in  its  estimate  and  use,  it 
may  })e  easily  converted  into  a  hindrance  and  embarrassment, 
by  gi\ing  occasion  to  ricious  speculations  on  analogies  which 
are  only  apparent. 

Of  the  five  classes  specified  above,  three  only  are  so  marked 
as  to  require  a  notice  here :  the  comparison  between  the  diffe- 
rent parts  of  the  same  organism ;  between  the  different  phases 
of  each  development;  and  between  the  distinct  terms  of  the 
great  hierarchy  of  living  bodies. 

Tlic  method  of  comparison  began  with  the  first   ComnnriKm  of 
of  these.   Looking  no  further  than  ^f  an,  no  phi-   pArts  of  the 
losophical  mind  can  help  being  struck  by  the   *^t^  o^k^ 
remarkable  resemblance  that  his  different  diief  °"^ 
parts  hear  to  each  other  in  many  respects, — both  as  to  strue- 
tm-c  and  function.     First,  all  the  tissues,  all  the  apparatus,  in 
as  far  as  they  are  organized  and  liring,  offer  those  fiinda- 
mental  characteristics  M'hich  are  inherent  in  the  very  ideas  of 
organization  and  life,  and  to  which  the  lowest  organisms  are  re- 
duced. But,  in  a  more  special  riew,  the  analogy  of  the  organs 
becomes  more  and  more  marked  as  that  of  the  functionB  is  so; 
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and  the  converse;  and  this  often  leads  to  luminous  eompari- 
sons^  anatomical  and  physiological,  passing  from  the  one  to 
the  other,  alternately.  This  original  and  simple  method  of 
comparison  is  by  no  means  driven  out  by  newer  processes.  It 
was  thus,  for  instance,  that  Bichat,  whose  subject  was  Man 
only,  and  adult  Man,  discovered  the  fundamental  analogy  be- 
tween the  mucous  and  the  cutaneous  systems,  which  has 
yielded  so  much  advantage  to  both  biology  and  pathology. 
And  again,  'with  all  M.  de  Blaim'ille's  mastery  of  the  prin- 
ciple of  the  comparative  method,  we  cannot  doubt  the  suffi- 
ciency of  the  analysis  of  the  human  organism  to  establish  the 
resemblance  he  exhibited  between  the  skidl  and  the  other  ele- 
ments of  the  vertebral  column. 

Of  phases  of  ^  "^^  ordcr  of  resources  presents  itself  when 
the  same  oiv  we  compare  the  diflcrent  phases  of  the  same  or- 
ganism, ganism.  Its  chief  value  is  in  its  offering,  on  a 
small  scale,  and,  as  it  were,  under  one  aspect,  the  whole  series 
of  the  most  marked  organisms  of  the  biolc^cal  hierarchy ;  for 
it  is  obvious  that  the  primitive  state  of  the  highest  organism 
must  present  the  essential  characters  of  the  complete  state  of 
the  lowest ;  and  thus  successively, — ^ttithout,  however,  com- 
pelling us  to  find  the  coimterpart  of  cveiy  inferior  term  in 
the  superior  organism.  Such  an  analysis  of  ages  unquestion- 
ably offers  the  property  of  realizing  in  an  individual,  that  suc- 
cessive complication  of  organs  and  functions  which  character- 
izes the  biological  hierarchy,  and  which,  in  this  homogeneous 
and  compact  form,  constitutes  a  special  and  singular  ordcr  of 
luminous  comparisons.  Useful  through  all  decrees  of  the 
scale,  it  is  evidently  most  so  in  the  case  of  the  highest  type, 
the  adult  Man,  as  the  interval  from  the  origin  to  the  utmost 
complexity  is  in  that  case  the  greatest.  It  is  valuable  chiefly 
in  the  visible  ascendant  period  of  life ;  for  we  know  very  little* 
of  the  foetal  period ;  and  the  declining  stage,  which  is  in  fact 
only  a  gradual  death,  presents  little  scientific  interest :  for,  if 
there  arc  many  ways  of  living,  there  is  only  one  natural  way 
of  dying.  Tlie  rational  analysis  of  death,  however,  has  its 
own  importance,  constituting  a  sort  of  general  corollary,  con- 
venient for  the  verification  of  the  whole  body  of  biological 
laws. 

The  popular  notion  of  comiNirativc  biology  is 

SaiS*      that  it  consists  wholly  of  the  last  of  the  methods 

I  have  pointed  out :  and  this  shows  how  pre- 
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eminent  it  is  over  the  others ;  the  popular  exaggeration  however 
being  mischievous  by  concealing  the  origin  of  the  art.     The 
peculiarity  of  this  largest  application  consists  uT'lfs  being 
founded  on  a  very  protracted  comparison  of  a  very  cxtensiTe 
scries  of  analogous  cascs^  in  lYliich  the  modification  proooedB 
by  almost  insensible  graduated  declension.    Tlie  two  more 
restricted  methods  could  not  offer  a  series  of  cases  exten- 
sive enough  to  establish^  without  confirmation^  the  nature  and 
value  of  the  comparative  method^  though,  that  point  once 
fixed,  they  may  then  come  into  unquestionable  use.    As  lor 
the  value  of  the  lai^est  application,  it  demonstrates  itself. 
There  is  clearly  no  structure  or  function  whose  analysis  may 
not  be  perfected  by  an  examination  of  what  all  organisms 
offer  in  common  with  regard  to  that  structure  and  function, 
and  by  the  simplification  effected  by  the  stripping  away  of  all 
accessory  characteristics,  till  the  quality  sought  is  found  alone;, 
firom  whence  the  process  of  reconstruction  can  Ix^in.     It  may 
even  be  fairly  said  that  no  anatomical  arrangement,  and  no 
physiological  phenomenon,  can  be  really  understood  till  the 
abstract  notion  of  its  principal  element  is  thus  reached,  by 
successively  attaching  to  it  all  secondary  ideas,  in  the  rationtd 
order  prescribed  by  their  greater  or  less  persistence  in  the  or- 
ganic series.     Such  a  method  seems  to  me  to  offer,  in  bidogy, 
a  philosophical  character  very  like  mathematical  analvsis  ge- 
nuinely applied ;  when  it  presents,  as  we  have  seen,  m  every 
indefinite  scries  of  analogous  cases,  the  essential  part  whid^ 
is  common  to  all,  and  which  was  before  hidden  under  the 
secondary  specialities  of  each  separate  case.     It  cannot  be 
doubted  that  tlie  comparative  art  of  biologists  will  produce 
an  equivalent  result,  up  to  a  certain  point;  and  especially,  by 
the  rational  consideration  of  the  organic  hicrarchTk 

This  great  consideration  was  at  first  established  only  in  re- 
gard to  anatomy ;  but  it  is  yet  more  necessary  in  physiology, 
and  not  less  applicable,  except  firom  the  difficulty  of  that  kind 
of  observation.  In  regard  to  physiological  problems  par- 
ticularly, it  should  be  remarked  that  not  only  all  animal  or- 
ganisms, but  the  vegetable  also,  should  be  included  in  the 
comparison.  Many  important  phenomena,  and  among  others 
those  of  organic  life,  pro^xarly  so  called,  cainiot  be  analysed 
without  an  inclusion  of  the  vegetable  form  of  them.  There 
we  see  them  in  their  simplest  and  most  marked  condition, 
for  it  is  by  the  great  act  of  vegetable  assimilation  that  brute 
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matter  passes  rcaDy  into  the  organized  state^  all  ulterior  trans- 
formations  by  means  of  the  animal  oi^nization  being  mueh 
less  marked.  And  thus^  the  laws  of  nutrition,  which  are  of 
the  highest  importance,  are  best  disclosed  by  the  vegetable 
organism.  The  method  is  unquestionably  applicable  to  all 
organs  and  all  acts,  without  any  exception;  but  its  scientific 
value  diminislics  as  it  is  applied  to  the  higher  apparatus  and 
functions  of  the  superior  organisms,  because  tlicse  are  re- 
stricted in  proportion  to  their  complexity  and  sujieriority. 
This  is  eminently  the  case  with  the  highest  intellectual  and 
moral  functions  which  below  ^lan  disap^x^ar  almost  entirely ; 
or,  at  least,  almost  cease  to  be  rcc(^uizable  below  the  first 
classes  of  the  mammifers.  We  cannot  but  fed  it  to  be  an  im- 
perfection in  the  comparative  method  that  it  serves  us  least 
where  we  are  most  in  need  of  all  our  resources ;  but  it  would 
be  unphilosophical  to  deprive  ourselves,  even  in  this  case,  of 
the  light  which  is  cast  upon  the  analysis  of  Man  as  moral, 
by  the  study  of  the  intellectual  and  affective  qualities  of  the 
superior  animals,  and  of  all  others  w*hich  present  such  attri- 
butes, however  imperfect  our  management  of  the  comparison 
may  yet  be.  And  we  may  obsene  that  the  comparative 
method  finds  a  partial  equivalent  in  the  rational  anidysis  of 
ages, — thus  rendered  more  clear,  extensive,  and  complete, — ^for 
the  disadvantages  which  belong  to  the  same  stage  of  the  bio- 
logical hierarchy. 

Thus  I  have  presented  the  principal  philosophical  characters 
of  the  comparative  method.  It  being  the  aim  of  biological 
study  to  ascertain  the  general  laws  of  organic  existence,  it  is 
plain  that  no  course  of  inqiiiry  could  be  more  favourable  than 
that  which  exhibits  organic  cases  as  radically  analogous,  and 
deducible  from  each  other. 

This  study  of  our  means  of  exploration  has  shown  that  our 
resources  do  indeed  increase  with  the  complexitv  of  our  sub- 
ject. The  two  first  methods — of  Observation  and  Experiment 
— ^we  liave  seen  to  acquire  a  large  extension  in  the  case  of  this 
science :  while  the  third,  before  almost  imjicrccptible,  becomes, 
by  the  nature  of  the  phenomena,  well-nigh  unbounded  in  its 
scope.  We  have  next  to  examine  the  true  rational  position  of 
Biology  in  the  hierarchy  of  the  fundamental  sciences ;  that  is, 
its  relation  to  those  that  precede  it,  and  to  tlie  one  M'hich  fol- 
lows it,  in  order  to  ascertain  what  kind  and  degree  of  spccida- 
tive  perfection  it  admits  of,  and  M'hat  preliminary  training  is 
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best  adapted  to  its  systematic  cultivation.  By  this  inquiry  we 
shall  see  Avhy  we  arc  justified  in  assigning  to  it  a  place  between 
chemistry  and  sodal  adcnoe. 

Of  the  relation  of  Biology  to  social  science,  I  RdatkniorBi- 
need  say  little  here,  as  I  shall  have  to  speak  of  it  ology  to  otiMr 
^  at  length  in  the  next  volume.  My  task  will  then  ■cw™*^ 
be  to  separate  them,  rather  than  to  establish  tlicir  connection, 
wliich  it  is  the  tendency  of  our  time  to  exa«^erate,  tiiraugh 
the  spontaneous  development  of  natural  philosophy.  None 
but  purely  metaphysical  philosophers  would  at  this  day  per- 
sist in  classing  the  theory  of  the  human  mind  and  of  society 
as  anterior  to  the  anatomical  and  physiological  study  of  in- 
dividual man.  We  may  therefore  regard  this  iioint  as  suffi- 
ciently settled  for  the  present,  and  pass  on  to  the  relation  of 
Biology  to  inorganic  philosophy. 

It  is  to  chemistry  that  Biology  is,  by  its  na-  j^  aicmtttiy. 
ture,  most  directly  and  completely  subordinated. 
In  analysing  the  phenomenon  of  life,  we  saw  that  the  funda- 
mental acts  which,  by  their  peri)ctuity,  characterize  tliat  state, 
consist  of  a  scries  of  compositions  and  decompositions;  and 
they  arc  therefore  of  a  chemical  nature.  Though  in  the  most 
imperfect  organisms,  vital  reactions  arc  widely  separated  from 
common  chemical  effects,  it  is  not  the  less  true  that  all  the 
functions  of  the  proper  organic  life  are  necessarily  controlled 
by  those  fundamental  laws  of  composition  and  decomposition 
which  constitute  the  subject  of  chemical  science.  If  we  could 
conceive  throughout  the  whole  scale  the  same  separation  of  the 
organic  from  the  animal  life  that  we  see  in  vegetables  alone, 
the  vital  motion  would  offer  only  chemical  conceptions,  except 
the  essential  circumstances  which  distinguish  such  an  order  of 
molecular  reactions.  The  general  source  of  these  imix)rtant 
differences  is,  in  my  opinion,  to  be  looked  for  in  the  result  €i 
each  chemic^  conflict  not  depending  only  on  the  simple  com- 
position of  the  bodies  between  which  it  takes  place,  but  being 
modified  by  their  proper  organization ;  that  is,  by  their  ana- 
tomical structure.  Cliemistr}'  must  clearly  furnish  the  start- 
ing-point of  every  rational  theory  of  nutrition,  secretion,  and, 
in  short,  all  the  functions  of  the  vegetative  life,  considered 
separately ;  each  of  which  is  controlled  by  the  influence  of 
chemical  laws,  excc^jt  for  the  special  modifications  belonging 
to  organic  conditions.     If  we  now  bring  in  again  the  consi- 
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deration,  discarded  for  the  moment,  of  the  animal  life,  ire  sec 
that  it  could  in  no  way  alter  this  fundamental  subordinatiou, 
though  it  must  greatly  complicate  its  actual  application :  for 
we  have  seen  that  the  animal  life,  notwithstanding  its  vast  im- 

Sortance,  can  never  he  regarded  in  biology  otherwise  than  as 
cstincd  to  extend  and  perfect  the  organic  life,  whose  general 
nature  it  cannot  change.  Such  an  intervention  modifies,  anew 
and  lai^ly,  the  chemical  laws  of  the  purely  organic  functions, 
so  as  to  render  the  effect  very  difficult  to  foresee;  but  not  the 
less  do  these  laws  continue  to  control  the  aggn^te  of  the 
phenomena.  If,  for  instance,  a  change  in  the  nen-ous  condi- 
tion of  a  superior  organism  disturbs  a  given  secretion,  as  to 
its  energy  or  even  its  nature,  we  cannot  conceive  that  such  an 
alteration  can  be  of  a  random  kind :  such  modifications,  irre- 
gular as  they  may  appear,  are  still  submitted  to  the  chemical 
laws  of  the  fundamental  organic  phenomenon,  which  permit 
certain  variations,  but  interdict  many  more.  Thus,  no  com- 
plication producei  by  animal  life  can  ^vithdraw  the  organic 
functions  from  their  subordination  to  the  laws  of  composition 
and  decomposition.  This  relation  is  so  important,  that  no 
scientific  theory  could  be  conceived  of  in  biology  without  it; 
since,  in  its  absence,  the  most  fundamental  phenomena  might 
be  conceived  of  as  susceptible  of  arbitrary  variations,  which 
would  not  admit  of  any  true  law.  AAlien  we  hear,  at  this 
day,  on  the  subject  of  azote,  siich  a  doctrine  as  that  the  or- 
ganism has  the  power  of  spontaneously  creating  certain  ele- 
mentary substances,  we  perceive  how  indispensable  it  still  is  to 
insist  directly  on  those  principles  which  alone  can  restrain  the 
spirit  of  aberration. 

Besides  this  direct  subordination  of  biology  to  chemistry, 
there  are  relations  of  method  between  them.  Obscn-ation 
and  experimentation  being  much  more  perfect  in  chemistry, 
they  serve  as  an  admirable  training  for  biological  inquiry. 
Again,  a  special  property  of  chemistry  is  its  developing  the  . 
art  of  scientific  nomenclature;  and  it  is  in  chemistry  that  bio- 
logists must  study  this  important  part  of  the  positive  method, 
tliough  it  cannot,  from  the  complexity  of  theur  science,  be  of 
so  much  scientific  value  as  in  chemistry.  It  is  on  the  model 
of  the  chemical  nomenclature  that  those  systematic  denomi- 
nations have  been  laid  do^vn  by  wliich  biologists  have  classi- 
fied the  most  simple  anatomical  arrangements,  certain  wcll- 
dciined  pathologiod  states,  and  the  most  general  degrees  of 
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the  aoimal  bicrarcby :  and  it  is  by  a  ocmtiiiucd  pamiit  of  ibe 
same  method  that  further  improvements  will  be  effected. 

We  thus  see  why  biology  takes  its  place  next  after  chemiBtry, 
and  why  chemical  inquiries  constitute  a  natural  transition  from 
the  inoi^;anic  to  the  organic  philo60[diy. 

The  subordination  of  biology  to  Physics  foUowB   ToFhjan. 
from  its  relation  to  Chenustry:  but  there  are  also  direct  rcascms, 
relating  both  to  doctrine  and  method,  why  it  should  be  so. 

As  to  doctrine^ — it  is  dear  that  the  general  laws  of  one  or 
more  branches  of  Physics  must  be  applied  in  the  analysis  of 
any  physiological  phenomenon.  This  application  is  neccssaiy 
in  ths  examination  of  the  medium,  in  the  first  place;  and  tlie 
analysis  of  the  medium  is  required  to  be  very  exact,  on  ac» 
count  of  the  strong  effect  of  its  variations  on  phenomena  so ' 
easfly  modified  as  those  of  the  organism.  And  next,  the  or- 
ganism itself  is  no  less  dependent  on  those  laws,  relating  as 
thev  do  to  weight,  heat,  electricity,  etc  It  is  obvious  that  if 
biology  is  related  to  chemistry  through  the  oiganic  life,  it  is 
relat^  to  physics  by  the  animal  life, — ^thc  most  special  and 
noble  of  the  sensations,  those  of  sight  and  hearing,  requiring 
for  the  starting-point  of  their  investigation  an  ap|Jication  of 
optics  and  acoustics.  The  same  remark  holds  ^ood  in  regard 
to  the  theory  of  utterance,  and  the  study  of  ammal  heat  and 
the  electric  properties  of  the  organism.  It  remains  to  be 
wished  that  the  biologists  would  study  and  apply  tliese  laws 
themselves,  instead  of  committing  the  task  to  physicists :  but 
they  have  hitherto  followed  too  much  the  example  of  the 
physicists,  who,  as  wc  have  seen,  have  committed  the  appli- 
cation of  mathematical  analysis  in  their  own  science  to  the 
geometers;  whereas,  it  cannot  be  too  carefully  remembered 
that  if  the  more  general  sciences  arc  independent  of  the  less 
general,  which,  on  the  other  hand,  must  be  dependent  on 
them,  the  students  of  the  higher  must  be  unfit,  in  \irtue  of 
that  very  independence,  to  apply  them  to  a  more  complex 
science,  whose  conditions  they  cannot  sufiidcntly  understand. 
If  the  case  was  clear  in  regard  to  the  intrusion  of  the  geo- 
meters into  phmcs,  it  is  yet  more  so  Mith  regard  to  the  in- 
trusion of  the  physicists  into  biology ;  on  account  of  the  more 
essential  difference  in  the  nature  of  the  tii^'o  sciences.  The 
biologists  should  qualify  themselves  for  the  application  of  the 
preceding  sciences  to  their  own,  instead  of  looking  to  the 
physicists  for  guidance  which  can  only  lead  them  astray. 
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In  rcgard  to  Method,  biology  is  indebted  to  physics  for  thc^ 
most  perfect  models  of  observation  and  experimentation.  Ob- 
servations in  physics  arc  of  a  sufficient  complexity  to  serve  as 
a  type  for  the  same  method  in  biology,  if  divested  of  their 
numerical  considerations,  which  is  ea«ly  done.  Chemistry 
however  can  furnish  an  almost  equally  good  model  in  simple 
observation.  It  is  in  experimentation  that  biologists  may  find 
in  physics  a  special  tmning  for  their  work.  As  the  most  per- 
fect models  are  foimd  in  the  study  of  physics,  and  the  method 
is  singularly  difficult  in  physiology,  we  see  how  important  the 
contemplation  of  the  best  type  must  be  to  biologists.  Such  is 
the  nature  of  the  dependence,  as  to  doctrine  and  method,  of 
biology  on  physics.  VV  e  turn  next  to  its  relations  with  Astro- 
nomy ;  and  first,  with  regard  to  doctrine. 

The  relation  of  physiolc^  to  astronomy  is 
To  Agronomy.  ^Qpc  important  than  is  usuallv  supposed.  I  mean 
something  more  than  the  impossibility  of  understanding  the 
theory  of  weight,  and  its  effects  upon  the  organism,  apart 
firom  the  consideration  of  general  gravitation.  I  mean,  be- 
sides, and  more  specially,  that  it  is  impossible  to  form  a  scien- 
tific conception  of  the  conditions  of  vital  existence  without 
taking  into  the  account  the  aggregate  astronomical  elements 
that  characterize  the  planet  which  is  the  home  of  that  rital 
existence.  We  shall  see  more  fully,  in  the  next  volume,  how 
humanity  is  affected  by  these  astronomical  conditions;  but 
we  must  cursorily  review  these  relations  in  the  present  con- 
necbon. 

The  astronomical  data  proper  to  our  planet  arc,  of  course, 
statical  and  dj^namical.  The  biological  importance  of  the  sta- 
tical conditions  is  immediately  obvious.  No  one  questions  the 
importance  to  vital  existence  of  the  mass  of  our  nianet  in 
comparison  with  that  of  the  sun,  which  determines  tiic  inten- 
sity of  grarity ;  or  of  its  form,  which  regulates  the  direction 
of  the  force ;  or  of  the  fimdamcntal  equililurium  and  the  regular 
oscillations  of  the  fluids  which  cover  the  greater  part  of  its 
surface,  and  with  which  the  existence  of  liring  beings  is  closely 
implicated ;  or  of  its  dimensions,  which  limit  the  indefinite 
multiplication  of  races,  and  especially  the  human ;  or  of  its 
distance  from  the  centre  of  our  system,  which  chiefly  deter- 
mines its  temperature.  Any  sudden  change  in  one  or  more 
of  these  conditions  would  largely  modify  the  phenomena  of 
life.     But  the  influence  of  the  dynamical  conditions  of  astro- 
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nomy  on  biological  study  is  yet  more  important.  Without 
the  two  conditions  of  the  fixity  of  the  poles  as  a  centre  of  ro- 
tation^ and  the  uniformity  of  the  angular  velocity  of  the  earth, 
there  would  be  a  conthmal  perturbation  of  the  organic  media 
which  would  be  incompatible  with  life.  Bichat  pointed  out 
that  the  intermittence  of  the  pro[)er  animal  life  is  subordinate 
in  its  periods  to  the  diurnal  rotation  of  our  planet;  and  we 
may  extend  the  obscn-ation  to  all  the  periodical  phenomena 
of  any  organism,  in  both  the  normal  and  pathological  states, 
aUowance  being  made  for  secondary  and  transient  inilueuoes. 
lilorcover,  there  is  e>'cry  reason  to  believe  that,  in  e\'ery  orga- 
nism, the  total  dmration  of  life  and  of  its  diicf  natural  phases 
depends  on  the  angular  velocity  proper  to  our  planet;  for  we 
are  authorized  to  admit  that,  other  things  bemg  equal,  the 
duration  of  life  must  be  shorter,  especially  in  the  animal  or- 
ganism, in  proportion  as  the  ^ital  phenomena  succeed  cadi 
other  more  rapidly.  If  the  earth  were  to  rotate  much  faster, 
the  course  of  physiological  phenomena  would  be  accelerated  in 
proportion;  and  thence  life  would  be  shorter;  so  that  the  du- 
ration of  hfe  may  be  regarded  as  dependent  on  the  duration 
of  the  day.  If  the  duration  of  the  year  were  changed,  the 
life  of  the  organism  would  again  be  affected :  but  a  yet  more 
striking  consideration  is  that  vital  existence  is  absolutely  im- 
plicated with  the  form  of  the  earth's  orbit,  as  has  been  observed 
Wore.  If  that  ellipse  were  to  become,  instead  of  nearly 
circular,  as  eccentric  as  the  orbit  of  a  comet,  both  the  me- 
dium and  the  organism  would  undergo  a  change  fatal  to 
rital  existence.  Thus  the  small  ceceutridty  of  the  earth's 
orbit  is  one  of  the  main  conditions  of  biological  phenomena, 
almost  as  necessary  as  the  stability  of  the  earth's  rotation; 
and  every  other  element  of  the  annual  motion  exercises  an  in- 
fluence, more  or  less  marked,  on  biological  conditions,  though 
not  so  great  as  the  one  we  have  adduced.  The  inclination 
of  the  plane  of  the  orbit,  for  instance,  determines  the  divi- 
sion of  the  earth  into  climates,  and,  consequently,  the  geogra- 
phical distribution  of  linng  s^x^ics,  animal  and  vegetable. 
And  again,  through  the  alternation  of  seasons,  it  influcnees 
the  phases  of  individual  existence  in  all  organisms;  and 
there  is  no  doubt  that  life  would  be  aifected  if  the  revolution 
of  the  line  of  the  nodes  were  accelerated ;  so  that  its  being 
nearly  immoveable  has  some  biolog^ical  value.  These  consi- 
derations indicate  how  necessary  it  is  for  biologists  to  inform 
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themselves  accurately^  and  without  any  inteiTention,  of  the 
real  elements  proper  to  the  astronomical  constitution  of  our 
planet.  An  inexact  knowledge  will  not  suffice.  The  laws  of 
the  limits  of  variation  of  the  different  elements^  or,  at  least, 
a  scientific  analysis  of  the  chief  grounds  of  their  permanence, 
are  essential  to  biological  investigation ;  and  these  can  be  ob- 
tained only  through  an  acquidntance  with  astronomical  con- 
ceptions, both  geometrical  and  mechanical. 

It  may  at  first  appear  anomalous,  and  a  breach  of  the  enar- 
dopedical  arrangement  of  the  sciences,  that  astronomy  and 
biology  should  be  thus  immediately  and  eminently  connected, 
while  two  other  sciences  lie  between.  But,  indispensable  as 
are  physics  and  chemistry,  astronomy  and  biology  are,  by  their 
nature,  the  two  principal  branches  of  natui*al  philosophy. 
They,  the  complements  of  each  other,  include  in  their  rational 
harmony  the  general  system  of  our  fundamental  conceptions. 
The  solar  system  and  Man  are  the  extreme  terms  within  which 
our  ideas  will  for  e\'cr  be  included.  The  i^stem  first,  and 
then  Man,  according  to  the  positive  course  of  our  speculative 
reason :  and  the  reverse  in  the  active  process :  the  laws  of  the 
system  determining  those  of  Man,  and  remaining  unaficcted 
by  them.  Between  these  two  poles  of  natural  philosophy  the 
laws  of  ph}^ics  interpose,  as  a  kind  of  complement  of  the 
astronomical  laws ;  and  again,  those  of  chemistry,  as  an  im- 
mediate preliminary  of  the  biological.  Such  being  the  rational 
and  indissoluble  constitution  of  these  sciences,  it  becomes  ap- 
parent why  I  insisted  on  the  subordination  of  the  study  of  Man 
to  that  of  the  system,  as  the  primary  philosophical  characte- 
ristic of  positive  biology. 

Though  in  the  infancy  of  the  human  mind,  when  it  was  in 
its  theological  state,  and  in  its  youthful  metaphysical  stage, 
the  order  of  these  sciences  was  reversed,  there  was  a  pi^epara- 
tion  for  the  true  new.  Tlirough  all  the  fanciful  notions  of 
the  ancient  philosophy  about  the  physiological  influence  of  the 
stars,  we  discern  a  strong  though  vague  jicreeption  of  some 
connection  between  ^ital  and  celestial  phenomena.  Like  all 
primitive  intuitions  of  the  understanding,  this  one  needed 
only  rectification  by  the  positive  philosophy ;  under  the  usual 
condition,  however,  of  being  partially  overthrown  in  order  to 
be  reorganized.  But  modem  students,  finding  no  astrono- 
mical conditions  in  the  course  of  their  anatomical  and  physio- 
Ic^cal  observations,  luive  discarded  the  idea  of  them  altogether, 
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i  if  it  were  ever  possible  for  facts  to  bear  immediate  testi- 
mony to  the  conditions  without  which  they  could  not  csist, 
and  which  do  not  admit  of  a  moment's  suspension !  Such  an 
order  of  primitive  conditions  is  however  now  established  be- 
yond dispute.  In  order  to  prevent  any  return  to  vicious  or 
exaggerated  notions  about  the  physiological  influence  of  the 
stars^  it  is  enough  to  bear  in  mind  two  considerations :  firsty 
that  the  astronomical  conditions  of  vital  existence  are  com- 
prised within  our  own  planetary  system ;  and  secondly,  tliat 
they  relate,  not  directly  to  the  organism,  but  to  its  environ- 
ment, affecting  as  they  do  the  constitution  of  our  globe. 

In  regard  to  method,  —  the  importance  of  astronomical 
study  to  biologists  consists,  as  in  other  c^scs,  in  its  oiTering 
the  most  perfect  model  of  philosophizing  on  any  phenom^ia 
whatever;  the  importance  of  this  example  becoming  greater 
in  proportion  to  the  complexity  of  the  subordinate  science,  on 
account  of  the  stronger  temptation  to  discursive  and  idle  in- 
quiries oflcred  by  the  latter.  The  more  difficult  their  re- 
searches become,  the  more  sedulous  should  physiologists  be 
to  refresh  their  positive  forces  at  the  source  of  i)ositive  know- 
ledge; and,  in  the  contemplation  of  the  few  general  and  in- 
disputable conceptions  which  constitute  this  lofly  science,  to 
be  on  their  guard  against  the  baseless  notions  of  a  vital  prin- 
ciple, vital  forces,  and  entities  of  that  character.  Hitherto, 
all  advance  in  positivity  in  biology  has  been  obtained  at  the 
expense  of  its  dignity,  which  has  always  been  implicated  with 
an  imaginary  origin  of  life,  of  sensibility,  etc. :  but  when  phy- 
siologists have  learned  from  their  study  of  gravitation  and 
other  primary  laws  how  to  confine  themselves  to  true  science, 
their  subject  will  rise  to  the  highest  elevation  that  positivity 
admits  of, — that  rational  prevision  of  events  which  is,  aa  I 
have  so  often  said,  the  end  of  true  science : — an  end  to  be 
aimed  at  in  biology,  as  it  is  perfectly  fulfilled  in  astronomy. 

Here,  too,  must  biologists  learn  the  character  of  sound 
scientific  hy})othesis.  This  method  is  eminently  wanted  in  so 
complex  a  study  as  physiology ;  but  it  has  Ix^en  as  yet  used 
with  very  little  ciTect.  The  way  is,  undoubtedly,  to  determine 
the  organ  from  the  function,  or  the  function  from  the  organ. 
It  is  permissible  to  form  the  most  plausible  hy[X)the8]s  as  to 
the  unknown  function  of  a  given  organ,  or  the  concealed 
organ  of  a  manifest  Ametion.  If  the  supposition  be  in  har- 
mony with  existing  knowledge,  if  it  be  held  provisionally,  atid 
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if  it  be  capable  of  a  positive  verification,  it  may  contribute  to 
tlic  progress  of  discovery,  and  is  simply  a  use  of  a  right  of 
the  liumaii  mind,  exerciaed  as  in  astronomv.  The  only  emi- 
ncut  example  known  to  me  of  sound  hypothesis  in  biology  is 
that  of  !M.  Broussais,  in  proposing  the  mucous  membrane  of 
the  alimentary  canal  as  the  seat  of  so-called  essential  fevers. 
AVhether  he  was  mistaken  or  not,  is  not  the  question.  His 
hypothesis  being  open  to  unquestionable  confirmation  or  sub- 
version, it  gave  a  great  impulse  to  the  study  of  pathology  in  a 
positive  manner :  and  it  will  stand  in  the  history  of  the  human 
mind,  as  the  first  example  of  the  spontaneous  introduction  of 
a  sound  hypothetical  method  into  the  positive  study  of  living 
Ixsings :  a  method  derived  from  th^  region  of  astronomy. 

It  remains  to  consider  the  relation  of  biology  to  mathe- 
matics. 

The  encroachments  of  the  pure  geometers  upon 
y  Mti»!^*'  *®  domain  of  biolc^  luive  been  attended  with 
the  same  misdiief,  but  in  an  aggravated  form, 
that  we  have  witnessed  in  the  case  of  other  sciences.  This 
mischief  has  led  physiologists  to  repudiate  mathematics  alto- 
gether, and  open  an  impassable  gulf  between  themselves  and 
the  geometers.  This  is  a  mistake;  inasmuch  as  their  science 
cannot  be  severed  from  that  which  is  the  basis  of  the  whole  of 
natural  pliilosophy ;  and  it  is  only  through  the  admission  of 
this  that  they  can  maintain  the  originality  and  independence 
of  their  scientific  labours.  The  rational  study  of  natiurc  pro- 
ceeds on  the  g^und  that  all  phenomena  are  subject  to  inva- 
riable laws,  which  it  is  the  business  of  philosophical  specula- 
tion to  discover.  It  is  needless  to  prove  that  on  any  other 
supposition,  science  could  not  exist,  and  our  collections  of 
facts  could  yield  no  result.  In  the  phenomena  of  liring 
bodies,  as  in  all  others,  everv  action  proceeds  according  to 
precise,  that  is,  mathematical  laws,  which  we  should  ascertain 
if  we  could  study  each  phenomenon  by  itself.  The  pheno- 
mena of  the  inorganic  world  are,  for  the  most  part,  simple 
enough  to  be  calculable :  those  of  the  oipniic  world  arc  too 
comjucx  for  our  management :  but  this  has  nothing  to  do  with 
any  diflcrcucc  in  their  nature.  And  this  is  the  new  which 
lx)th  geometers  and  biologists  should  bear  in  mind. 

If  in  astronomy  our  calculations  are  ba£9ed  when  we  pass 
1)cyond  two  or  three  essential  conditions,  it  is  erident  how  ini- 
pi*acticable  they  must  be  amidst  the  inextricable  complications 
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of  physiology.  And  again,  this  complexity  prevents  our  ever 
effecting  a  mathematioil  disclosure  of  the  elementary  laws  of 
the  science.  This  excludes  all  idea  of  this  method  of  philo- 
sophizing in  biology;  for  these  laws  are  no  othervise  acces- 
sible than  by  the  immediate  analysis  of  their  numerical  ef- 
fects. Now,  whichever  way  vital  phenomena  arc  looked  at, 
they  present  such  endless  and  incessant  variations  in  their 
numbers,  that  geometers  are  bafBed  as  completely  as  if  those 
degrees  were  entirely  arbitrary.  Even  numerical  chemistry 
is  inapplicable  to  bodies  whose  molecular  composition  varies 
incessantly;  and  this  is  precisely  tbe  distinguishing  charac- 
ter of  li\ing  organisms.  However  burtful  may  have  been  the 
incursions  of  the  geometers,  direct  and  indirect,  into  a  do- 
main which  it  is  not  for  them  to  cultivate,  the  ph}'siologi8t8 
are  not  the  less  wrong  in  turning  away  from  mathematics 
altogether.  It  is  not  only  that  without  mathematics  thqr 
could  not  receive  their  due  preliminary  training  in  the  inter- 
vening sciences :  it  is  further  necessary  for  them  to  have  geo- 
metrical and  mechanical  knowledge,  to  understand  the  struc- 
ture and  the  play  of  the  complex  apparatus  of  the  living,  and 
especially  the  animal  organism.  Animal  mechanics,  statical 
and  dynamical,  must  be  unintelligible  to  those  who  are  igno- 
rant of  the  general  laws  of  rational  mecluinics.  The  laws  of 
equilibrium  and  motion  are,  as  we  saw  when  treating  of  them, 
absolutely  universal  in  their  action,  depending  wholly  on  the 
energy,  and  not  at  all  on  the  nature  of  the  forces  conndered : 
and  the  only  difficulty  is  in  their  numerical  application  in 
cases  of  complexity.  Thus,  discarding  all  idea  of  a  numerical 
application  in  biology,  we  perceive  that  the  general  theorems 
of  statics  and  dynamics  must  be  steadily  verified  in  the  mecha- 
nism of  liring  bodies,  on  the  rational  study  of  which  they  cast 
an  indispensable  light.  The  highest  orders  of  animals  act,  in 
repose  and  motion,  like  any  other  mechanical  apparatus  of  a 
similar  complexity,  with  the  one  difference  of  the  mover,  which 
has  no  power  to  alter  the  laws  of  motion  and  equilibrium. 
The  participation  of  rational  mechanics  in  positive  biology  is 
thus  evident.  l^Iochanics  cannot  dispense  with  geometry; 
and  besides,  we  see  how  anatomical  and  physiological  specula- 
tions involve  considerations  of  form  and  position,  and  require 
a  familiar  knowledge  of  the  principal  goomctricd  laws  which 
^hj  cast  light  upon  those  complex  relations. 
In  regard  to  Method,  the  necessity  of  recurring  to  a  perfect 

s  2 


I 

I  888  POSITIVE   FHIL080FHT. 

model  of  reasoning,  the  more  earnestly  in  proportion  to  the 
complexity  of  the  science  concerned,  is  applicable  in  regard 
to  ^lathematics,  as  to  Astronomy ;  only  with  still  greater  ur- 
gency. In  mathematics  we  find  the  primitive  source  of  m- 
tionfdity;  and  to  mathematics  must  the  biologists  resort  for 
means  to  carry  on  their  researches.  If  biologists  have  hitherto 
not  done  this,  but  contented  themselves  with  what  is  called 
logic,  apart  from  all  determinate  reasoning,  much  of  .the  fault 
is  chargeable  upon  the  indiffercnoe  of  geometers  about  duly 
organizing  the  whole  of  mathematical  knowledge.  Tlie  im- 
perfect and  inadequate  character  of  the  elementary  treatises 
on  mathematics  that  have  hitherto  been  given  to  the  world 
quite  accounts  for  the  neglect  of  the  fundamental  logical  pro- 
perties of  mathematical  science  by  even  intelligent  minds.  It 
accounts  also  for  the  exaggerations  of  some  plulosophers,  who 
maintain  that,  far  from  preparing  the  intellectual  organ  for 
the  rational  interpretation  of  natiure,  a  mathematical  educa- 
tion rather  tends  to  develop  a  spirit  of  sophistical  argumcnta- 
}  tion  and  illusory  speculation.'  Such  an  abuse,  however,  caimot 

affect  the  real  value  of  mathematics  as  a  means  of  positive 
education ;  but  rather  exhibits  the  necessity  of  a  philosophical 
renovation  of  the  whole  system  of  mathematical  instruction. 
Whatever  advantage  can  be  attributed  to  logic  in  directiii^ 
and  strengthening  the  action  of  the  understanding  is  found  iu 
a  higher  degree  in  mathematical  study,  with  the  immeusc 
added  advantage  of  a  determinate  subject,  distmctly  cireum- 
scribed,  admitting  of  the  utmost  precision,  and  free  from  the 
danger  which  is  inherent  in  all  abstract  logic, — of  leading  to 
useless  and  puerile  rules,  or  to  vain  ontological  speculations. 
The  positive  method,  being  e^^ery  where  identical,  is  as  much 
at  home  in  the  art  of  reasoning  as  anywhere  else :  and  this  is 
why  no  science,  whether  biology  or  any  other,  can  offer  any 
kind  of  reasoning,  of  which  mathematics  does  not  supply  a 
simpler  and  piut^  coimterpart.  Thus,  we  are  enabled  to  eli- 
minate the  only  remaining  portion  of  the  old  philosophy 
which  could  even  appear  to  offer  any  real  utility ;  the  logical 
part,  the  value  of  which  is  irrevocably  absorbed  by  mathema- 
tical science.  Hither,  then,  must  biologists  come,  to  studj 
the  logical  art  so  as  to  apply  it  to  the  advancement  of  thcii 
difficult  researches.  In  this  school  must  they  learn  familiailj 
the  ix^al  characters  and  conditions  of  scientific  evidence,  ii 
order  to  transfer  it  afterwards  to  the  province  of  their  owi 
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theories.  The  study  of  it  here^  in  the  most  simple  and  perfect 
cases,  is  the  only  sound  preparation  for  its  recognition  in  tbe 
most  complex. 

The  study  is  equally  necessary  for  the  formation  of  inteUeo- 
tual  habits;  for  ot)taining  an  aptitude  in  forming  and  sustain- 
ing  positive  abstractions,  uithout  which  the  comparative  me- 
thod cannot  be  used  in  either  anatomy  or  physiology.  The 
abstraction  which  is  to  be  the  standard  of  comparison  mast 
be  first  dearly  formed,  and  then  steadily  maintained  in  its  in- 
tegrity, or  the  analysis  becomes  abortive :  and  this  is  so  com- 
pletely in  the  spirit  of  mathematical  combinations,  that  prac- 
tice in  them  is  the  best  preparation  for  it.  A  student  who 
caiinot  accomplish  the  process  in  the  more  simple  case  may  be 
assured  that  he  is  not  qualified  for  the  higher  order  of  biolo- 
gical researches,  and  must  be  satisfied  with  the  humbler  office 
of  collecting  materials  for  the  use  of  minds  of  another  order. 
Hence  arises  another  use  of  mathematical  training;— that  of 
testing  and  classifying  minds,  as  well  as  preparing  and  guiding 
them.  Probably  as  much  good  would  be  done  by  excluding 
the  students  who  only  encumber  the  science  by  aimless  and 
desultory  inquiries,  as  by  fitly  instituting  those  who  can  better 
fulfil  its  conditions. 

There  seems  no  sufficient  reason  why  the  use 
of  scientific  fictions,  so  common  in  the  hands  of  ^^j^^' 
geometers,  should  not  be  introduced  into  biology, 
if  systematically  employed,  and  adopted  witli  sufficient  so^ 
bricty.  In  mathematical  studies,  great  advantages  have  arisen 
fix»m  imagining  a  series  of  hypothetical  cases,  the  considera- 
tion of  which,  though  artificial,  may  aid  the  clearing  up  of  the 
real  subject,  or  its  fundamental  elaboration.  This  art  is  usu- 
ally confounded  with  that  of  hypotheses ;  but  it  is  entirely 
different;  inasmuch  as  in  the  latter  case  the  solution  alone  is 
imaginary ;  whereas  in  the  former,  the  problem  itself  is  radi- 
cally ideal.  Its  use  can  never  be  in  biology  comjiarable  to 
what  it  is  in  mathematics :  but  it  seems  to  me  that  the  al)stract 
character  of  the  higher  conceptions  of  comparative  biology 
renders  them  susceptible  of  such  treatment.  The  process 
would  be  to  intercalate,  among  diflcrent  kno\\'n  organisms,  cer- 
tain purely  fictitious  organisms,  so  imagined  as  to  facilitate 
their  comparison,  by  rendering  the  biological  scries  more  ho- 
mogeneous and  continuous :  and  it  might  be  that  several  might 
hereafter  meet  with  more  or  less  of  a  realization  among  or- 
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ganisms  hitherto  unexplored.  It  may  be  possible,  in  the  pre- 
sent state  of  our  knowledge  of  living  bodies,  to  conceive  of  a 
new  organism  capable  of  ^filling  certain  given  conditions  of 
existence.  However  that  may  be,  the  collocation  of  real  cases 
with  well-imagined  ones,  after  the  manner  of  geometers,  wiU 
doubtless  be  practised  hereafter,  to  complete  the  general  laws 
of  comparative  anatomy  and  physiology,  and  possibly  to  anti- 
cipate occasionally  the  direct  exploration.  Even  now,  the  ra- 
tional use  of  such'  an  artifice  might  greatly  simplify  and  clear 
up  the  ordinary  system  of  pwce  biological  instruction.  But  it 
IB  only  the  highest  order  of  investigators  who  can  be  entrusted 
with  it.  AVhenever  it  is  adopted,  it  will  constitute  another 
ground  of  relation  between  biology  and  mathematics. 

We  have  now  gone  over  all  those  grounds, — ^both  of  doc- 
trine and  of  method.  Of  the  three  parts  of  mathematics. 
Mechanics  is  connected  with  biology  in  the  scientific  point  of 
view;  and  geometry  in  the  logical :  while  both  rest  upon  the 
analytical  theories  which  are  indispensable  to  their  systematic 
development. 

This  specification  of  the  relations  of  biology  determines  its 
rank  in  the  hierarchy  of  sciences.  From  tlus  again  we  learn 
the  kind  and  degree  of  perfection  of  which  biology  is  suscep- 
tible; and,  more  directly,  the  rational  plan  of  preliminary 
education  which  it  indicates. 

Condition  and  If  the  perfection  of  a  science  were  to  be  esti- 
pKwpccts  of  mated  by  the  means  of  its  pursuit,  biology  would 
the  science,  evidently  excd  all  others ;  for  we  can  concentrate 
upon  it  the  whole  of  the  resources  of  observation  and  of  rea- 
soning offered  by  all  the  others,  together  with  some  of  high 
importance  appropriate  to  itself.  Yet,  all  this  wealth  of  re- 
sources is  an  insufficient  compensation  for  the  accumulated 
obstacles  which  beset  the  science.  The  difficulty  is  not  so 
much  in  its  recent  passage  into  the  positive  state  as  in  the 
high  complexity  of  its  phenomena.  After  the  wisest  use  of 
all  our  resources,  this  study  must  ever  remain  inferior  to  all 
the  depirtmeuts  of  inorganic  pliilosophy,  not  excepting  che- 
mistry itself.  Still,  its  speculative  improvement  will  be  greater 
than  might  be  su])i)oscd  by  those  who  are  unaware  how  incom- 
plete and  barren  is  the  accumulation  of  observations  and  he- 
terogeneous conceptions  which  now  goes  by  the  name  of  the 
science.     All  that  has  yet  been  done  should  be  regarded  as  a 
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Ereliminary  operation^ — an  ascertainment  and  trial  of  means, 
ithcrto  provisional^  bnt  henceforth  to  be  organized.  Such 
an  organization  hanng  really  taken  place  among  a  few  quali- 
fied investigators,  the  state  of  the  science  may  be  regarded  as 
very  satisfactory.  As  for  the  direct  establishment  of  biological 
laws,  the  few  positive  ideas  that  we  have  obtained  justify  the 
expectation  that  the  sdeuce  of  linng  bodies  may  attain  to  a 
real  co-ordination  of  phenomena,  and  therefore  to  their  previ- 
sion, to  a  greater  or  smaller  extent. 

As  for  the  requisite  education, — as  it  compre-  . . 

hcnds  the  study  of  the  preceding  sciences,  from  E^SnitSi. 
mathematics  downwards,  it  is  clearly  of  a  more 
extensive  and  difficult  order  than  any  hitherto  prescribed. 
But  the  time  saved  from  the  useless  study  of  words,  and  from 
futile  metaphysical  speculations,  would  suffice  for  all  the  pur- 
poses of  the  it^enerated  science,  which  discards  these  encum- 
urances. 

If,  next,  we  look  at  the  reaction  of  the  science  on  the  edu- 
cation of  the  general  mind,  the  first  thing  tliat  strikes  us  is 
that  the  positive  study  of  Man  affords  to  observers  the  best 
test  and  measure  of  the  mental  power  of  those  who  pursue 
^he  study.  In  other  sciences,  the  real  power  of  the  inquirer 
and  the  value  of  his  acquisitions  are  concealed  from  pOpular 
estimate  by  the  scientific  artifices  whidi  are  requisite  for  the 
pursuit;  as  in  the  case  of  matheitiatics,  whose  hicn^lyphic 
language  is  very  imposing  to  the  uninitiated :  so  that  men  of 
extremely  small  ability,  rendering  very  doubtful  services,  have 
obtained  a  high  reputation  for  themselves  and  their  achieve- 
ments. But  this  can  liardly  take  place  in  biology ;  and  the 
pjeference  which  popular  good  sense  has  accorded  to  the  study 
of  Man  as  a  test  of  scientific  intelligence  is  therefore  wdl- 
grounded.  Here  the  most  important  phenomena  are  common 
to  all;  and  the  race  may  be  said  to  concur  in  the  study  of 
Man :  and,  the  more  difficult  and  doubtful  the  ascertainment 
of  general  laws  in  so  complex  a  science,  the  higher  is  the  ^-alue 
of  individual  and  original  meditation.  Wlicu  these  laws  be- 
come better  known,  this  originality  will  yield  some  of  its  value 
to  the  abOity  which  will  then  be  requisite  for  their  application. 
The  moral  world  \n\l,  under  all  future,  as  under  all  past  cir- 
cumstances, regard  the  knowledge  of  human  nature  as  the 
most  indubitable  sign,  and  the  commonest  measure,  of  true 
intellectual  superiority. 
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The  first  intellectual  influence  of  the  science  is  in  perfecting, 
or  rather  developing^  two  of  the  most  important  of  our  ele- 
mentary poM'crs,  \rbich  are  little  required  by  the  preceding 
scieuccs; — ^the  arts  of  comparison  and  of  classification,  which 
howe\'er  necessary  to  each  other,  are  perfectly  distinct.  Of  th< 
first,  I  have  said  enough ;  and  of  the  second  I  shall  speak  here- 
after ;  so  that  I  have  now  only  to  indicate  its  function  in  biology 
The  universal  theory  of  philosophical  classifi- 
floatton^^'*"*  cations,  necessary  not  only  to  aid  the  mcmon 
but  to  perfect  scientific  combinations,  cannot  Ix 
absent  from  anv  branch  of  natural  philosophy :  but  it  is  incon- 
testable that  tLe  full  development  of  the  art  of  elassificatioi 
was  rcsen'cd  for  biological  science.  As  we  have  seen  before 
each  of  our  elementary  powers  must  be  specially  dcvdoixx 
by  that  one  of  our  positive  studies  which  requires  its  mosi 
urgent  application,  and  which,  at  the  same  time,  oflRsrs  it  th 
most  extended  field.  Under  both  aspects,  biology  tends,  mon 
than  any  other  science,  to  fitvour  the  spontaneous  rise  of  th< 
general  theory  of  classifications.  First,  no  other  so  uigentl] 
daims  a  series  of  rational  classifications,  on  account  both  o 
the  multiplicity  of  distinct  but  analogous  beings,  and  of  th 
necessity  of  oi^anizing  a  systematic  comparison  of  them  ii 
th^  form  of  a  biological  hierarchy ;  and  next,  the  same  cha 
racterisUcs  which  demand  these  classifications  facilitate  thci 
spontaneous  establishment.  The  multiplidty  and  complexit; 
arc  not,  as  might  at  first  appear,  obstacles  to  the  systcmatii 
arrangement  of  subjects :  on  the  contrary,  they  are  aids,  a 
the  diversity  of  their  relations  ofiers  a  greater  number  of  ana 
logics,  more  extensive  and  easy  to  lay  hold  of.  This  is  tin 
reason  why  the  classification  of  animals  is  superior  to  that  o 
v^etables ;  the  greater  variety  and  complexity  of  animal  or 
ganisms  affording  a  better  hold  for  the  art  of  classifying.  Aw 
thus  we  see  that  the  very  diflicultics  of  the  sdence  are  of  i 
nature  at  once  to  require  and  permit  the  most  marked  nm 
spontaneous  development  of  the  general  art  of  dassification 
and  hither  must  tne  student  in  every  other  department  c 
sdence  resort,  to  form  his  conceptions  of  this  all-importan 
method.  Here  alone  can  geometers,  astronomers,  ph}'8ids^f 
and  even  chemists  learn  the  formation  of  natural  groups,  zw 
their  rational  co-onlination ;  and  yet  more,  the  general  iiriu 
dple  of  the  subordination  of  characteristics,  which  constitute 
the  chief  artifice  of  the  method.    The  biolc^sts  done,  at  thi 
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day,  can  be  in  habitual  possession  of  clear  and  posi<;i  vc?  id^ 
in  "these  three  relations. — Each  of  the  fundamental     sc;i<?j[m4 
has,  as  we  hare  already  so  often  seen,  the  exclusive  prc>f9<3x-(:^  otf 
specially  developing  some  one  of  the  great  logical  frcKsc^^AMiGet 
of  which  the  whole  positive  method  is  composed ;  aud     it^    is 
thus  that  the  more  complex,  while  dependent  on  the  »imxM§3Edr, 
react  on  their  superiors  oy  affording  them  new  rational  §:^€^'vrcrvL 
snd  instruments.     In  tliis  view  of  tho  hierarcldcal  iiiajrsuytdr 
and  unity  of  the  system  of  human  knowledge,  it  beooiaaes 
dear  that  the  isolation  still  practised  in  the  organization  ot^ 
our  positive  studies  is  as  hurtful  to  their  special  progress  a^  ^o 
their  collective  action  upon  the  intclloctuu  government  oF  ^Imo 
human  race. 

Looking  now  to  the  higher  function  of  this  inj|„e„og  ^^^ 
Bcienoe, — ^its  influence  upon  the  positive  spirit,  as   Biologj  upcna 
wdl  as  method, — ^^e  have  only  to  try  it  by  the  the  Pocitiro 
test  proposed  before; — ^its  power  of  destroying  "P"^ 
theological  conceptions  in  two  ways : — ^by  the  rational  pre* 
vision  of  phenomena,  and  by  the  volimtary  modification  of 
them  whicn  it  enables  ^lan  to  exercise.     As  the  phenomena  oif 
any  science  become  more  complex,  the  first  power  decreases, 
and  the  other  increases,  so  that  the  one  or  the  other  is  always 
present  to  show,  unquestionably,  that  the  events  of  the  world 
are  not  ruled  by  supernatural  will,  but  by  natural  laws.    Bio- 
logical science  eminently  answers  to  tliis  test.    AMiile  its  com- 
plexity allows  little  pi*evision,  at  present,  in  regard  to  its 
phenomena,  it  supplies  us  with  a  full  equivalent,  in  regard 
to  theological  coneeptions,  in  the  testimony  afforded  by  the 
analysis  of  the  conditions  of  action  of  linng  bodies.     Tlie 
natiural  opposition  of  this  species  of  investigation  to  every 
kind  of  theological  and  metaphysical  conception  is  particularly 
remarkable  in  the  case  of  intcUcctual  and  affective  phenomena, 
—the  positinsm  of  which  is  very  recent,  and  wliich,  with  the 
social  phenomena  that  are  derived  from  them,  are  the  hist 
battle-ground,  in  the  popular  new^  between  the  jxisitive  phi- 
losophy and  the  ancient.     In  virtue  of  their  complexity,  these 
phenomena  are  precisely  those  which  require  the  most  deter- 
minate and  extensive  concurrence  of  various  conditions,  ex* 
terior  and  interior;  so  that  the  positive  study  of  them  b 
eminently  fitted  to  expose  the  futility  of  the  abstract  explana- 
tions derived  from  the  theological  or  metaphysical  philosophy. 
Hence,  we  easily  understand  the  marked  aversion  which  this 
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study  is  privileged  to  arouse  among  different  sects  of  theolo- 
giaps  and  metaphvsicians.  As  the  labours  of  anatomists  and 
physiologists  disclose  the  intimate  dependence  of  moral  phe- 
nomena on  the  organism  and  its  environment,  there  is  some- 
thing very  striking  in  the  vain  efforts  of  followers  of  the  old 
philosophies  to  harmonize  with  these  facts  the  illusory  play 
of  supernatural  influences  or  psychological  entities.  Thus 
has  the  development  of  biol(^ad  science  put  the  positive  phi- 
losophy in  possession  of  the  very  stronghold  of  the  ancient 
philosophy.  The  same  effect  becomes  even  more  striking  in 
the  other  direction,  from  biological  phenomena  being,  beyond 
all  others,  susceptible  of  modification  from  human  interven- 
tion. We  have  a  large  power  of  affecting  both  the  organism 
and  its  environment,  from  the  very  considerable  number  of 
the  conditions  which  concur  in  their  existence ;  and  our  volun- 
tary power  of  disturbing  phenomena,  of  suspending,  and  even 
destroj-ing  them,  is  so  striking  as  to  compel  us  to  reject  all 
idea  of  a  theological  or  metaphysical  direction.  As  in  the 
other  case,  of  wUch  indeed  it  is  a  mere  extension,  this  effect 
is  most  particularly  marked  in  r^ard  to  moral  phenomena, 
properly  so  called,  which  are  more  susceptible  of  modification 
than  any  others.  The  most  obstinate  psychologist  could  not 
well  persist  in  maintaining  the  sovereign  independence  of  his 
intellectual  entities,  if  he  would  consider  that  the  mere  stand- 
ing on  his  head  for  a  moment  would  put  a  complete  stop  to 
the  course  of  his  own  speculations.  Much  as  we  may  wish 
that,  in  addition  to  these  e>idences,  we  liad  that  of  an  extcn* 
sive  power  of  scientific  prevision  in  biology,  such  a  power  is 
not  needed  for  the  condusions  of  popular  good  sense.  Tliis 
prevision  is  not  always  baffled :  and  its  success  in  a  few  marked 
cases  is  sufficient  to  satisfy  the  general  mind  that  the  pheno- 
mena of  living  bodies  arc  subject,  like  all  others,  to  invariable 
natural  laws,  which  we  are  prevented  finom  interpreting  in  all 
cases  only  by  their  extreme  complexity. 

But,  moreover,  positive  biology  has  a  special  conquest  of 
its  own  over  the  theological  and  metaphysical  systems,  by 
which  it  has  converted  an  ancient  dogma  into  a  new  principle. 
In  chemistry  the  same  thing  occurred  when  the  primitive  no- 
tion of  absolute  creation  and  destruction  was  converted  into 
the  precise  conception  of  perpetual  decomposition  and  rccom- 
position.  In  Astronomy,  the  same  tiling  occurred  when  the 
hypothesis  of  final  causes  and  providential  rule  gave  place  to 
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the  \ievr  of  the  solar  system  as  the  necessary  and  spontaneous 
result  of  the  mutual  action  of  the  principal  masses  whidi 
compose  it.  Biology,  in  its  close  counectiou  with  astronomy, 
has  completed  this  demonstration.  Attacking,  in  its  own  way,  . 
the  elementary  dogma  of  final  causes,  it  has  gradually  trans* 
formed  it  into  the  fundamental  principle  of  the  conditions  of 
existence,  which  it  is  the  particular  aptitude  of  biology  to 
dcvdope  and  systematize.  It  is  a  great  error  in  anatomists 
and  physiologists, — an  error  fatal  both  to  science  and  theology, 
— ^to  endeavour  to  unite  the  two  ^'iews.  Science  compels  us 
to  conclude  that  there  is  no  organ  without  a  function,  and  no 
function  without  an  organ.  Under  the  old  theological  in- 
fluences, students  are  apt  to  fall  into  a  state  of  anti-scientific 
admiration  when  they  find  the  conditions  and  the  fulfilment 
coincide, — ^when,  having  observed  a  function,  anatomical  ana- 
lysis discloses  a  statical  position  in  the  organism  which  allows 
the  fulfilment  of  the  function.  This  irrational  and  barren  ad- 
miration is  hurtful  to  science,  by  habituating  us  to  suppose  that 
all  organic  acts  are  effected  as  perfectly  as  we  can  imagine, 
thus  repressing  the  expansion  of  our  biological  s]^>cculations, 
and  inducing  us  to  admire  complexities  which  are  endently 
injurious :  and  it  is  in  direct  opposition  to  religious  aims,  as 
it  assigns  human  wisdom  as  the  nile  and  even  the  limit  of  the 
di\ine,  which,  if  such  a  parallel  is  to  be  established,  must  often 
appear  to  be  the  inferior  of  the  two.  Though  we  cannot 
imagine  radically  new  organisms,  we  can,  as  I  showed  in  my 
suggestion  about  the  use  of  scientific  fictions,  conceive  of 
organizations  i»vhieh  should  differ  distinctly  from  any  tliat  are 
known  to  us,  and  w*hich  should  be  incontestably  sujierior  to 
them  in  certain  determinate  respects.  The  philosophical  prin- 
ciple  of  the  conditions  of  existence  is  in  fact  simply  the  direct 
conception  of  the  necessary  harmony  of  the  statical  and  the 
dynamical  analyses  of  the  subject  proix)scd.  Tliis  principle  is 
eminently  adapted  to  the  science  of  biology,  which  is  conti- 
nually engaged  in  establishing  a  harmony  bet^^een  the  means 
and  the  end ;  and  nowhere  else,  therefore,  is  seen  in  such  per- 
fection, that  double  analysis,  statical  and  dynamical,  whidi  is 
found  everywhere. 

Tliese,  then,  are  the  philosophical  properties  of  ix>sitive  bio- 
logy* To  complete  our  review  of  the  science  as  a  whole,  we 
have  only  to  note  briefly  the  dirision  and  rational  co-ordina- 
tion  of  ite  parts. 
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It  does  not  fall  within  tlie  scope  of  this  \rork 

DutnbutKm      ^  notice  several  branches  of  positive  biological 
of  tbe  icienoe.    ,  .,  i»i  **•         _*• 

knowledge^  \rnich  are  of  extreme  importance  m 

their  on-n  place^  but  secondary  in  regard  to  the  principles  of 
positive  philosophy.  We  have  no  concern  here  Avith  patholog;\', 
and  the  corresponding  medical  art;  nor  with  natural  history', 
and  the  corresponding  art  of  the  education  of  organisms. 
These  are  naturally,  aiid  not  untruly,  called  biological  studies : 
but  we  must  here  confine  the  term  strictly  to  the  speculative 
and  abstract  researches  which  are  the  foundation  of  the  science. 
The  interior  distribution  of  the  science,  thus  regarded,  is  this. 
Tlie  speculative  and  abstract  study  of  the  organism  must  be 
divided,  first,  into  statics  and  dynamics;  according  as  we  are 
seeking  the  laws  of  organization  or  those  of  life :  and  again, 
statical  biology  must  be  divided  into  two  parts,  to  which  M. 
de  Blain>ille  has  given  the  name,  in  regard  to  animals,  of 
zootomy  and  zootaxy,  according  as  we  study  the  structure  and 
composition  of  individual  organisms,  or  construct  the  great 
biol(^cal  hierarchy  which  results  from  the  comparison  of  all 
known  organisms.  It  would  be  easy  to  modify  M.  de  Blain- 
nlle's  terms  so  as  to  make  them  common  to  animals  and  vc 
getables.  Dynamical  biology,  to  which  we  may  give  the  name 
bionomy,  as  the  end  and  aim  of  the  whole  set  of  studies,  evi- 
dently admits  of  no  analogous  subdivision.  The  general  name 
of  Biology  thus  includes  the  three  divisions,  biotomy,  biotaxy, 
and  pure  bionomy,  or  physiology  properly  so  called. 

Tlicir  definition  exhibits  their  necessary  dependence ;  and 
thereby  determines  also  their  philosophical  co-ordination. 
While  it  is  universally  allowed  that  anatomical  ideas  are  in- 
dispensable to  physiological  studies,  because  the  structure 
must  be  known  before  its  action  can  be  judged  of,  the  subor- 
dination of  bionomy  to  biotaxy  is  not  so  well  understood. 
Yet  it  is  easy  to  sec  that  the  place  of  any  organism  in  the  scale 
must  be  known  before  its  aggregate  phenomena  can  be  cflcc* 
tually  studied :  and  again,  the  consideration  of  this  hierarchy  is 
indispensable  to  the  use  of  that  grandest,  instrument  of  all, — 
the  comparative  method.  Thus,  from  every  point  of  view,  tlic 
double  relation  of  dynamical  to  statical  biology  is  unquestion- 
able. 

Tlie  two  divisions  of  statical  biology  arc  less  clearly  marked ; 
and  it  even  apixmrs  as  if,  in  regard  to  them,  we  were  involved  in 
a  vicious  circle :  for  if,  on  the  one  hand,  the  rational  dassifica- 
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tion  of  living  beings  requires  the  antecedent  kno\rlcdge  of  tlicir 
organization,  it  is  certain,  on  the  other  hand,  that  anatomy  it- 
self, like  physiology,  cannot  be  studied,  in  regard  to  all  organ- 
isms, iiithout  an  antecedent  formation  of  the  biol<^cal  liier- 
archy.    Thus  we  must  admit  a  consolidation  of  the  rcspoetive 
advancements  of  biotomic  and  biotaxic  studies,  through  their 
intimate  connection.  In  such  a  case,  as  a  separation  and  deter- 
minate co-ordination  are  rcquured  by  our  imdcrstandings^  it 
appears  to  me  that  we  cannot  hesitate  to  make  a  dogmatic  ar- 
rangement,— ^placing  the  theory  of  organization  before  that  of 
classification, — for  the  last  is  absolutely  dependent  on  the  first ; 
while  the  first  could  meet  some  wants,  though  in  a  restricted 
way,  without  the  second.     In  a  word,  none  but  known  or- 
ganisms can  be  classified ;  whereas  they  all  can  and  must  be 
studied,  to  a  certain  extent,  without  being  mutually  compared. 
And  again,  there  is  no  reason  why,  in  a  systematic  exposition 
of  anatomical  philosophy,  we  sliould  not  borrow  directly  firom 
biotaxy  its  construction  of  the  organic  hierarchy ;  an  antici- 
pation which  involves  much  less  inconvenience  than  severing 
the  complete  study  of  structure. — Howe\'cr,  it  must  be  always 
borne  in  mind  that  any  system  will  have  to  undergo  a  general 
revision,  with  a  view  to  bringing  out  the  essential  relations  of 
its  parts :  the  relations,  not  only  of  the  two  sections  of  statical 
biology,  but  of  both  to  the  dynamical.     This  consideration 
goes  far  to  diminish  the  importance  assigned  to  these  ques- 
tions of  priority :  and  the  only  reason  why  such  a  revision  ap- 
pears more  necessar}'  in  biology  than  in  the  other  sciences  is, 
that  there  is  a  profounder  accordance  between  its  departments 
tlian  we  find  in  theirs. 

Tlie  interior  distribution  of  these  three  departments  is  de- 
termined, as  usual,  by  the  order  of  deix^ndenoe  of  phenomena, 
on  the  ground  of  their  rclati^-c  generality.  Tlius,  the  theory 
of  the  organic  life  precedes  that  of  the  animal :  and  the 
theory  of  the  highest  functions  and  organs  of  Man  terminates 
the  biological  mtem. 

It  has  often  been  a  question  whether,  in  study- 
ing each  organ  and  function  in  the  whole  scale,   ^I^*^ 
it  is  best  to  begin  at  the  one  end  or  the  other ; —   ^^ 
to  begin  with  lilau  or  the  simplest  known  organism.    I  do 
not  consider  this  question  so  all-important  as  it  is  often  sup- 
posed, as  all  qualified  inquirers  admit  the  necessity  of  using 
the  two  methods  alteniately,  whidicver  is  taken  first:  hut  I 
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think  that  a  distinction  should  be  made  between  the  study  of 
the  organic  and  that  of  the  animal  life.  The  functions  of  the 
first  being  chemical,  it  is  less  necessary  to  begin  \iith  Man; 
and  I  think  there  may  be  a  scientific  advantage  in  studying 
the  vegetable  oiganism  first,  in  which  that  kind  of  functions 
is  the  more  pure  and  more  marked,  and  therefore  the  more 
easily  and  completely  studied :  but  every  investigation,  ana- 
tomical or  physiological,  relating  to  animal  life,  must  be  ob- 
scure if  it  began  elsewhere  than  with  Man,  who  is  the  only 
being  in  whi<^  such  an  order  of  phenomena  is  immediately 
intelligible.  It  is  evidently  the  obvious  state  of  Man,  more 
and  more  degraded,  and  not  the  indecisive  state  of  the  sponge, 
more  and  more  improved,  that  we  should  pursue,  through  the 
animal  series,  when  we  are  analysing  any  of  the  constituent 
characters  of  animality.  K  we  seem  to  be  by  this  pvocedure 
deserting  the  ordinary  course  of  passing  from  the  most  general 
and  simple  subject  to  the  most  particular  and  complex,  it  is 
only  to  conform  the  better  to  the  philosophical  principle  which 
prescribes  that  very  course,  and  which  leads  us  from  the  most 
known  subjects  to  the  least  known.  In  all  casies  but  this,  the 
usual  course  is  the  fittest,  in  biological  studies. 

Here  we  conclude  our  review  of  biological  science  as  a 
whole.  The  extent  to  which  I  have  carried  out  the  sun'cv 
will  allow  us  to  consider  its  separate  portions  very  briefly.  In 
doing  so,  I  shall  follow  the  orocr  just  laid  down,  passing  from 
the  simple  considerations  of  pure  anatomv  to  that  positive 
studv  of  the  phenomena  of  the  intellect  and  the  affections,  as 
the  highest  part  of  human  nature,  which  will  carry  us  over 
from  biology  to  Social  Physics, — the  final  object  of  this  work. 


CHAPTER  II. 

ANATOMICAL  PHILOSOPHY. 

It  was  during  the  scooud  half  of  the  last  oen-    Dcrc^imieni 
tmy  that  Daubenton  and  Vicq-d'Azjrr  achieved   ^^J****^ 
the  extension  of  the  statical  study  of  hving  bodies   "^'^^^y' 
to  the  whole  of  known  organisms;   and  the  lectures  and 
writings  of  Curier  carried  on,  and  spread  abroad,  the  rq^ 
uerating  influence  of  this  mat  view.     But,  indispensable  as 
was  this  conception  to  the  aevelopment  of  anatomical  science, 
it  could  not  complete  the  character  of  statical  biology  without 
the  aid  and  addition  of  Bichat's  grand  idea  of  the  general 
decomposition  of  the  organism  into  its  various  dcmentaiy 
tissues ;  the  high  philosophical  importance  of  which  appears 
to  me  not  yet  to  be  worthily  appreciated. 

Tlic  natural  development  of  comparative  anatomy  would, 
no  doubt,  have  disclosed  this  analysis  to  us  sooner  or  later: 
but  how  slow  the  process  would  have  been  we  may  judge  by 
what  Ave  see  of  the  reluctance  of  comparative  anatomists  to 
abandon  the  exclusive  study  of  systems  of  organs  while  unable 
to  deny  the  preponderant  importance  of  the  study  of  the  tis- 
sues. Of  all  changes,  those  which  relate  to  method  are  the 
most  difficult  of  accomplishment ;  and  perhaps  there  is  no  ex- 
ample of  their  resulting  spontaneously  fix>m  a  regular  advance 
under  the  old  methods,  without  a  direct  impulsion  from  a  new 
original  conception,  energetic  enough  to  work  a  revolution  in 
the  system  of  study.  Biology  must,  from  its  great  complex- 
ity, be  more  dependent*  on  such  a  necessity  than  any  other 
science. 

Though  zoological  analysis  furnishes  the  best  means  of 
separating  the  various  organic  tissues,  and  especially  of  giving 
precision  to  the  true  phOosopliical  sense  of  this  great  notion, 
pathological  analysis  offered  a  more  direct  and   ProoeM  of 
nipid  way  to  suggest  the  first  idea  of  such  a  de-   diiooTeiy  of 
composition,  even  regarding  the  human  organism   ^*  twuet. 
alone.     When  pathological  anatomy  had  been  once  founded 
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by  Morgagni,  it  was  endent  that  in  the  best-marked  maladies 
no  organ  is  ever  entirely  diseased,  and  that  the  alterations  are 
usually  eonfined  to  some  of  its  eonstituent  parts,  while  the 
others  preserve  their  normal  eondition.  In  no  other  way 
eould  the  distinction  of  the  elementary  tissues  have  been  so 
clearly  established.  By  the  co-existence  in  one  oipm  of  sound 
and  impaired  tissues,  and,  again,  by  different  oi^ns  being 
affected  by  similar  maladies,  in  virtue  of  the  disease  of  a  com- 
mon  tissue,  the  analysis  of  the  chief  anatomical  dements  was 
spontaneously  indicated,  at  the  same  time  tliat  the  study  of 
the  tissues  was  shown  to  be  more  important  than  that  of  the 
organs.  It  is  not  consistent  with  my  objects  to  go  further 
into  this :  but  it  was  necessary  to  show  that  we  owe  to  patho- 
Ic^cal  analysis  the  perception  of  this  essential  truth.  It  was 
Pinel  who  su^ested  it  to  Bichat,  by  his  happ^  innovation  of 
studying  at  once  all  the  diseases  proper  to  the  different  mucous 
membranes.  Bichat  then,  while  Knowing  nothing  of  the  study 
'  of  the  organic  hierarchy,  carried  off  from  the  students  of  com- 

!  parative  anatomy  the  honour  of  discovering  the  primitive  idea 

.  I  which  is  most  indispensable  of  all  to  the  general  advancement 

I  of  anatomical  philosophy.     His  achie^'cment  consisted  in  ra- 

tionally connecting  with  the  normal  condition  a  notion  derived 
from  the  pathological  condition,  in  virtue  probably  of  the  na- 
tural reflection  that  if  the  different  tissues  of  the  same  organ 
could  each  be  separately  diseased  in  its  own  way,  they  must 
have,  in  their  healthv  condition,  distinct  modes  c^  existence, 
of  whidi  the  life  of  the  organ  is  really  composed.  This  prin- 
dplc  was  entirely  overlooked  before  Bichat  published  the  trea- 
tise in  which  he  established  the  most  satisfactory  a  posteriori 
development  of  it :  and  it  is  now  placed  beyond  all  question. 
The  only  matter  of  regret  is  that,  in  creating  a  wholly  new 
aspect  of  anatomical  science,  Bichat  did  not  better  mark  iu 
spirit  by  the  title  he  gave  it.  If  he  had  called  it  abstract  or  e/r- 
numtary  instead  of  general  anatomy,  he  would  have  indicated 
its  philosophical  function,  and  its  relation  to  other  anatomical 
points  of  view. 

Combination  ''^^  anatomical  philosophy  began  to  assume  its 
withCoinpa-  definitive  character  from  the  very  recent  time 
ratire  ana-  wlicu  the  human  mind  learned  to  combine  the 
^™J'  two  great  primitive  ideas  of  the  organic  hier- 

archy, and  of  Bichat's  discovery,  which  applies  the  universal 
conception  to  the  statical  study  of  living  bodies.    Tliesc  com- 
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bincd  ideas  are  necessarily  the  subject  of  our  present  examina- 
tion. Putting  aside  the  irrational  distinctions,  still  too  com- 
mon among  biologists,  of  many  different  kinds  of  anatomy, 
we  must  here  recognize  only  one  scientific  anatomy,  chiefly 
characterized  by  the  philosophical  combination  of  the  compa- 
rative method  inth  the  fundamental  notion  of  the  dccompod- 
tion  of  the  oi^ns  into  tissues.  It  is  apparently  strange  that, 
after  Bichat's  discovery,  comparative  anatomists,  with  Cuvi^ 
at  their  head,  should  have  persisted  in  studying  organic  appa- 
ratus in  its  complex  state,  instead  of  banning  with  the 
investigation  of  the  tissues,  pursuing  the  analysis  of  the  laws 
of  their  combinations  into  oi^ns,  and  ending  with  the  group- 
ing of  those  organs  into  apparatus,  properly  so  called :  but  not 
even  Cuvier's  great  name  can  nowc  prevent  the  application  of 
the  comparative  method  to  the  analysis  of  tissues,  throughout 
the  whole  biological  hierarchy.  The  work,  though  at  present 
neither  enci^^icall^  nor  profoundly  pursued,  is  b^^n,  and 
will  reform  the  habitual  direction  of  anatomical  speculation. 

Bichat's  studies  related  to  Man  alone ;  and  his  method  of 
comparison  bore  only  upon  the  simplest  and  most  restricted 
cases  of  all ;  the  comparison  of  parts  and  that  of  ages.     His 
principle  must,  therefore,  necessarily  undergo  some  transfor- 
mations, to  fit  it  for  a  more  extensive  application.    The  most 
im]x>rtant  of  these  improvements,  especially  in  a 
logical  \ie w,  appears  to  me  to  consist  in  the  great   pJ^IJJ^  "^ 
distinction  introduced  by  M.  de  BlainviUe  be- 
tween the  true  anatomical  elements  and  the  simple  products  of 
the  organism,  which  Bichat  had  confounded.     We  saw  before 
the  importance  of  this  distinction  in  the  chemical  study  of 
organic  substances :  and  we  meet  it  again  now,  face  to  face,  as 
an  anatomical  conception.    .. 

We  have  seen  that  life,  deduced  to  the  simplest  and  most 
general  notion  of  it,  is  characterized  by  the  double  continuous 
motion  of  absorption  and  exhalation,  owing  to  the  reci|irocal 
action  of  the  organism  and  its  environment,  and  adapted  to 
sustain  during  a  certain  time,  and  within  certain  limits  of 
variation,  the  integrity  of  the  organization.  It  results  from 
this  that,  at  every  instant  of  its  existence,  every  living  body 
must  present,  in  its  structure  and  comjiosition,  two  very  dif- 
ferent ordci-s  of  principles:  absorbed  matters  in  a  state  of 
assimilation,  and  cxlialcd  matters  in  a  state  of  se|)aration. 
This  is  the  ground  of  the  great  anatomical  distinction  be* 


POSITITB   PHILOSOPHY.    ' 

twcen  organic  dements  and  organic  products.  The  ab- 
sorbed matters,  once  completely  assimilated,  constitute  the 
vhole  of  the  real  materials  of  the  organism.  The  exhaled 
substances,  ivhether  solid  or  fluid,  become,  from  the  time  of 
their  separation,  foreign  to  the  organism,  in  which  they  cannot 
generally  remain  long  without  danger.  Regarded  in  a  solid 
state,  the  true  anatomical  elements  are  always  necessarily  con- 
tinuous in  tissue  with  the  whole  of  the  organism :  and  again, 
the  fluid  elements,  whether  stagnant  or  circulating,  remain  in 
the  depths  of  the  general  tissue,  fix>m  which  they  are  equally 
inseparable :  whereas  the  products  are  only  deposited,  for  a 
longer  or  shorter  time,  on  the  exterior  or  mterior  surface  of 
the  organism.  The  difierences  are  not  less  characteristic,  in  a 
dynamical  \iew.  The  true  elements  alone  must  be  r^ardod 
as  really  li\ing:  they  alone  participate  in  the  double  ^ital 
motion :  and  they  alone  grow  or  decrease  by  absolution  or 
exhalation.  Even  before  they  are  finally  excreted,  the  pro- 
ducts are  already  essentially  dead  substances,  exhibiting  the 
same  conditions  that  they  would  manifest  anywhere  else,  under 
similar  molecular  influences. 

The  separation  of  the  elements  from  tbe  products  is  not  al- 
ways easy  to  effect  when,  as  frequently  happens,  they  combine 
in  the  same  anatomical  arrangement  to  concur  in  the  same 
function.  All  products  are  not,  like  sweat,  urine,  etc.,  destined 
to  be  expelled  without  further  use  in  the  organic  economy. 
Several  others,  as  saliva,  the  gastric  fluid,  bile,  etc.,  act  as  ex- 
terior substances,  and  in  virtue  of  their  chemical  composition 
in  preparing  for  the  assimilation  of  the  organic  materials.  It 
is  difficult  to  fix  the  precise  moment  when  these  bodies  cca$c 
to  be  products  and  become  elements; — the  moment,  that  is, 
when  they  pass  from  die  inoi^nic  to  the  organic  state, — ^firom 
death  to  life.  But  these  difficulties  arise  fix>m  the  imperfectiou 
of  our  analysis,  and  not  firom  any  uncertainty  in  the  principle 
of  separation.  It  may  be  observed  liowe\-er  that  there  arc 
circumstances  in  wbicn  products,  and  particularly  among  the 
solids,  arc  closely  united  to  true  anatomical  dements  in  the 
structure  of  certain  apparatus,  to  which  they  supply  essential 
means  of  improvement.  Such  are,  for  instance,  the  greater 
number  of  epidermic  productions,  tbe  hair,  and  eminently  the 
teeth.  But  e^'cn  in  this  case,  a  suffidently  ddicate  dissection, 
and  a  carcfid  analysis  of  the  whole  of  tbe  function  \iill  enable  us 
to  ascertain,  with  entire  precision^  how  much  is  organic  and  how 
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much  inorganic  in  the  proposed  structure.  Such  an  investiga- 
tion was  not  prepared  for  when  Bichat  confounded  the  teetli 
irith  the  bones,  and  concluded  the  epidermis  and  the  hair  to  be 
tissues,  of  a  piece  with  the  cutaneous  tissue ;  but  the  rectifi- 
cation which  ensued  was  all-important,  as  enabling  us  to  define 
the  idea  of  tissue  or  anatomical  element,  which  is  the  prefe- 
rable term.  It  was  through  comparative  anatomy  tliat  the 
rectification  took  place;  for  the  study  of  the  biological  seiies 
sliowed  that  the  inorganic  ports  which  in  Man  appear  inse- 
parable from  the  essential  apparatus  are  in  fact  only  simple 
means  of  advancement,  gradually  introduced  at  asngni^le 
stages  of  the  ascending  biolc^eal  series. 

If  we  assert  that  in  the  order  of  purely  anatomical  specu- 
lations, the  study  of  products  must  be  secondary  to  that  of 
elements,  it  will  not  be  supposed  that  we  undcr>'alue  the  study 
of  products.  Tliis  study  is  of  extreme  importance  in  physio- 
logy, whose  principal  phenomena  would  be  radically  unintelli- 
gible without  it;  and  without  it  pathological  knowledge  must 
come  to  a  stand.  As  results,  they  indicate  organic  alterations ; 
and  as  modifiers,  they  exhibit  the  origin  of  a  great  number  of 
those  alterations.  In  fact,  the  knowledge  of  them  is  much 
promoted  by  their  separation  from  the  anatomical  dements^ 
which  withdraw  the  attention  of  biologists  from  the  real  claims 
of  the  whole  class  of  products. 

Tlie  consideration  of  products  being  once  dismissed  to  its 
proper  place,  anatomical  analysis  has  assumed  its  true  character 
of  completeness  and  clearness.  Thus  we  may  undertake  now 
what  was  before  impossible — an  exact  enumeration  of  anato- 
mical elements.  And  again,  these  tissues  can  be  classified 
according  to  their  true  general  relations;  and  may  even  be  re- 
duced to  a  single  tissue,  modified  by  determinate  laws.  These 
two  are  the  other  chief  transformations  undergone  by  the  great 
anatomical  theory  of  Bichat,  through  the  application  of  the 
comparative  method :  and  these  two  we  now  proceed  to  review. 

The  first  is  connected  with  the  great  question 
of  the  vitality  of  the  organic  fluids,  about  which  oi^^aikb! 
our  ideas  arc  far  from  beings  I  think,  sufficiently 
settled.  Every  living  body  consists  of  a  combination  of 
solids  and  fluids,  the  respective  proportions  of  which  vary, 
according  to  the  species,  within  very  wide  limits.  The  very 
definition  of  the  vital  state  supposes  this  conjunction;  for 
the  double  motiou  of  composition  and  decomposition  which 
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characterizes  life  could  not  take  place  among  solids  alone; 
and,  on  the  other  hand,  a  liquid  or  gaseous  mass  not  only  re- 
q^uires  a  solid  envelope,  but  could  admit  of  no  real  organiza. 
tion.  If  the  two  great  primitive  ideas  of  Life  and  Organization 
ircre  not  inseparable,  we  might  imagine  the  first  to  belong  to 
fluids,  because  they  arc  so  roEidily  modified ;  and  the  other  to 
solids,  as  alone  capable  of  structural  formation:  and  here, 
under  another  view,  we  shoidd  find  the  necessary  harmony  of 
the  two  elements.  The  comparison  of  types  in  the  biological 
series  confirms,  in  fact,  the  general  rule  that  the  vital  actiritj 
increases  with  the  preponderance  of  fluid  elements  in  the  or- 
ganism ;  while  a  greater  persistence  of  the  ntal  state  attends 
the  preponderance  of  solids.  This  has  long  been  regarded  as 
a  settled  law  by  philosophical  biologists,  in  studying  the  series 
of  ages  alone.  These  considerations  seem  to  show  that  the 
controversy  about  the  ntality  of  fluids  rests,  like  many  other 
famous  controversies,  on  a  \icious  proposal  of  the  problem, 
since  such  a  mutual  relation  of  the  solids  and  the  fluids  ex- 
cludes at  once  both  humourism  and  solidism.  Discarding,  of 
course,  the  products  from  the  question,  there  can  be  no  doubt 
that  the  fluid  elements  of  the  organism  manifest  a  life  as  real 
as  that  of  the  solids.  Tlie  founders  of  modem  pathology',  in 
their  reaction  against  the  old  humourism,  have  not  paid  suffi- 
cient attention,  in  the  theory  of  diseases,  to  the  direct  and 
spontaneous  alterations  of  which  the  organic  fluids,  especially 
the  blood,  are  remarkably  susceptible,  in  virtue  of  the  com- 
plexity of  their  comiiosition.  It  would  appear,  from  a  philo- 
sophiod  point  of  \iew,  very  strange  if  the  most  active  and 
susceptible  of  the  anatomical  elements  did  not  participate, 
primarily  or  consecutively,  in  the  perturbations  of  the  or- 
ganism.  But,  on  the  other  hand,  it  is  not  less  certain  that  the 
fluids,  animal  and  vc^tablc,  cease  to  live  as  soon  as  they  have 
quitted  the  organism ;  as,  for  instance,  the  blood  after  venesec- 
tion. They  then  lose  all  organization,  and  arc  in  the  condition 
of  products.  The  vitality  of  the  fluids,  considered  separately, 
constitutes  then  an  ill-defined.,  and  therefore  interminable, 
question. 

A  truljr  positive  inquirj'  however  arises  out  of  the  question — 
the  inquiry  as  to  which  of  the  immediate  principles  of  a  fluid 
are  \itvl;  *for  it  cannot  be  admitted  that  all  are  so  indiscrimi- 
nately. Thus,  the  blood  behig  chiefly  composed  of  water,  it 
woidd  be  absurd  to  suppose  such  an  inert  vcliicle  to  participate 
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in  the  life  of  die  fluid ;  but  then,  which  of  the  other  consti- 
tuents is  the  seat  of  life?  ^Iicro!M»pic  anatomy  gives  us  the 
aiis\rer, — that  it  resides  in  the  globules,  properly  so  called, 
iiliich  are  at  once  oiganiscd  and  living.  However  valuable 
such  a  solution  would  be,  it  cau  be  regarded  at  present  only  as 
an  attempt;  for  it  is  admitted  that  these  globules,  though  de-> 
terminate  in  form,  shrink  more  and  more  as  the  arterial  Uood 
passes  through  an  inferior  order  of  vessels, — ^that  is,  as  it  ap» 
proachcs  its  incorporation  with  the  tissues ;  and  that,  at  the 
precise  moment  of  assimilation,  there  is  a  complete  liquefac- 
tion of  the  globules.  It  would  thus  appear  that  we  must 
cease  to  regard  the  blood  as  living  at  the  very  moment  when 
it  accomplishes  its  chief  adt  of  vitality.  Before  any  decision 
can  be  made,  we  must  have  the  counter  proof, — ^the  acknow- 
ledgment that  true  globules  are  exclusively  characteristic  of 
living  fluids,  in  opposition  to  those  which,  as  simple  products, 
arc  esscntidly  inert,  and  hold  in  suspension  various  solids^ 
which  make  them  diflicult  to  be  distinguished  from  true  glo- 
bules, notwithstanding  the  determinate  form  of  the  latter. 
Microscopical  obsen'ations  arc  too  delicate,  and  sometimes  de- 
ceptive, to  admit  at  present  of  the  irreversible  establisliment 
of  this  essential  point  of  anatomical  doctrine. 

Tlie  statical  study  of  liring  bodies  would  form  but  a  very 
incomplete  introduction  to  the  dynamical,  if  the  fluids  were  left 
out  of  the  investigation  of  the  oigauic  elements,  however  mudi 
remains  to  be  desired  in  our  knowledge  of  them.  The  omis- 
sion of  them  in  Bichat's  treatise  leaves  a  great  gap.  Still,  as 
the  anatomy  of  solids  must  always  take  precedence  of  that  of 
fluids,  Bichat  chose  the  true  point  of  departure,  though  he  did 
not  undertake  the  whole  subject.  It  must  be  added  that  the 
examination  of  the  fluids  is  so  much  the  more  diflicult  of  the 
two  as  to  be  well-nigh  impracticable.  In  an  anatomical  sens^ 
it  is  im))racticable :  and  the  two  only  methods, — niicrosoopical 
and  chemical  examination, — are  imjiaircd  by  the  rapid  disor- 
ganization which  ensues  when  the  fluids  quit  the  organism. 
Tlic  chemical  method  is  in  itself  the  more  valuable  of  the  two : 
but,  besides  that  the  chemists  habitually  coufoimd  the  elements  ' 
and  the  products,  they  have  always  examined  the  former  in  a 
more  or  less  advanced  state  of  dccomixhsition :  and,  being  un- 
aware of  this,  they  have  oflcrcd  only  the  most  false  aiid  inco- 
herent notions  of  the  molecular  constitution  of  the  oiganised 
fluids.     In  sudi  a  state  of  things,  it  is  only  by  a  full  prepan- 
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tion,  from  the  study  of  the  solid  elements,  that  anything  can  . 
he  done  in  the  study  of  the  fluids.  It  is  almost  needless  to 
say  that  by  the  same  rule  ^hich  prescribes  this  order,  wc 
should  study  fluids  in  the  order  of  their  increasing  liquefaction, 
— ^taking  the  fatty  substances  first,  then  the  blood  and  other 
liquids,  and  lastly  the  vaporous  and  gaseous  elements,  ^hich 
will  always  be  the  least  understood. 

The  order  of  inquiry  being  thus  settled,  the 
S^Sl^  next  subject  is  the  rational  dassification  of  the 
tissues,  according  to  their  anatomical  filiatiou. 
It  was  not  by  such  a  study  as  Bichaf  s, — of  Man  alone, — that 
anything  certain  could  become  known  of  such  obscure  differ- 
ences as  those  of  the  fundamental  tissues.  In  order  to  obtain 
such  knowledge  the  study  of  the  whole  biological  series  is  in- 
dispensable. 

The  first  piece  of  knowledge  thus  obtained  is 
Gdhdiur^urae    *^*^  *^®  ccUular  tissue  is  the  primitive  and  cs- 
I  '  sential  web  of  every  organism ;  it  being  the  onlv 

I  one  that  is  present  through  the  whole  range  of  the  scale.  The 

I  tissues  which  appear  in  Man  so  multiplied  and  distinct  lose 

j  all  their  characteristic  attributes  as  we  descend  the  series,  and 

tend  to  merge  entirely  in  the  general  cellular  tissue,  whicli 
remains  the  sole  basis  of  vegetable,  and  perhaps  of  the  lowest 
animal  organization.  Tliis  fact  harmonizes  well  with  the  phi- 
losophical account  of  the  basis  of  life,  in  its  last  degree  of 
simplicity ;  for  the  cdlular  tissue  is  eminently  fitted,  by  its 
structure,  for  absorption  and  exhalation.  At  the  lower  end  of 
the  scries,  the  living  organism,  placed  in  an  unvarying  medium, 
does  nothing  but  absorb  and  exhale  by  its  two*  surfaces,  be- 
tn'cen  which  arc  ever  osciUating  the  fluids  destined  for  assimi- 
lation, and  those  which  result  from  the  contrary  process.  For 
so  simple  a  function  as  tliis  the  cellular  tissue  suffices.  It  re- 
mained to  be  ascertained  under  what  laws  the  original  tissue 
becomes  gradually  modified  so  as  to  engender  all  the  others, 
with  those  attributes  which  at  first  disguise  their  common  de- 
rivation :  and  this  is  what  Comparative  anatomy  has  begun  to 
establish,  with  some  distinctness. 

The  characteristic  modifications  of  the  tissue  are  of  Uo 

prominent  classes :  the  first,  more  common  and  less  profound, 

are  limited  to  the  simple  structure :  the  other  class,  more  s^X!- 

dal,  and  more  profound,  affect  the  composition  itself. 

Of  the  first  order  the  prominent  case  is  that  of  the  dcnnous 
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tissue,  properly  so  called,  which  is  the  basis  of 
the  general  organic  cnveloiie,  exterior  and  interior. 
The  modification  here  is  mere  condensation, 
differently  marked,  in  regard  to  animal  organisms,  according 
as  the  surfiice  is,  as  in  exterior  surfaces,  more  cxhalant  than 
absorbent,  or,  as  in  interior  surfaces,  more  absorbent  tlian  ex- 
halant.  Even  this  first  transformation  is  not  rigorously  uni- 
versal; and  we  must  ascend  the  scale  a  little- way  to  find  it 
clearly  characterized.  Not  only  in  some  of  the  lowest  of  the 
animal  organisms,  are  the  exterior  and  interior  essentially 
alike,  so  that  the  two  surfaces  may  1)e  interchanged,  but,  if  we 
go  a  Uttle  lower,  .we  find  no  anatomical  distinction  between 
the  envelope  and^the  whole  of  the  organism,  which  is  uniformly 
cellular. 

By  an  increasing  condensation  of  the  parent  tissue,  three 
distinct  but  inseparable  tissues  proceed  from  the  derma,  all  of 
which  lire  destined  to  an  important,  though  passive  office  in 
the  animal  economy,  either  as  envelopes  protecting  the  ner- 
vous organs,  or  as  auxiliaries  of  the  locomotive  apparatus. 
These  are  the  fibrous,  cartilaginous,  and  bony  tissues,  ranged 
by  Bichat  in  their  rational  order,  and  named  by  M.  Laurent^ 
in  their  combination,  the  sclerous  tissue.    The  oj^^h^ 
different  degrees  of  consolidation  here  arise  firom 
the  deposition  in  the  cellular  network  of  a  heterogeneous  sub- 
stance, organic  or  inorganic,  the  extraction  of  which  leaves 
no  doubt  as  to  the  nature  of  the  tissue.    When,  on  the  other 
hand,  by  a  last  direct  condensation,  the  original  tissue  becomes 
itself  more  compact,  without  being  incrusted  by  a  foreign  sub- 
stance, we  recognize  a  new  modification,  in  which  impermea- 
bility becomes  compatible  with  suppleness,  which  is  the  cha- 
racteristic of  the  serous,  or  (as  M.  Laurent  calls 
it)  the  kysious  tissue,  the  office  of  which  is  to   ^>^^^'»*»««- 
interpose  between  the  various  mobile  organs,  and  to  oontain 
liquids,  both  circulating  and  stagnant. 

The  second  order  of  transformations  exhibits  AjcnfAu 
two  secondary  kinds  of  tissue  which  distinguish  Muscular  tnd 
the  animal  organism,  and  which  appear  at  about  nervoui  tmuei. 
the  same  d^ree  of  the  scale — ^the  muscular  and  the  uen'ous 
tissues.  In  each  there  is  an  anatomical  combination  of  the 
fundamental  tissue  with  a  special  oi^ganic  element,  tscmi-solid 
^nd  eminently  rital,  which,  baring  long  gon6  by  Uie  name  of 
fibrine  in  the  first  cose,  lias  suggested  tlie  oorresjx>nding  name 
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of  neurine  (given  us  by  ^I.  de  BlainviUe)  for  the  other.  Here 
tlie  trausformation  of  the  parent  tissue  is  so  complete,  that  it 
iTOuld  be  difficult  to  establish,  and  yet  more  to  detect  it  in  the 
higher  organisms;  but  the  analogies  of  comparative  anatomv 
leave  no  doubt,  and  only  make  us  irish  that  we  could  under- 
stand with  more  precision  the  mode  of  anatomical  union  of 
the  muscular  and  nervous  substances  with  the  cellular  tissue. 

Passing  on  to  the  chief  subdi\ision  of  each  of  the  second- 
ary tissues,  the  first  consideration  is  of  the  genial  position, 
which  is  always  related  to  a  modification,  greater  or  smaller, 
of  the  structure  itself.  Comparative  analysis  shows  us  that 
in  the  case  of  both  the  muscular  and  the  nervous  svstcm,  the 
organization  of  the  tissue  becomes  more  special  and  elevated, 
exactly  in  proportion  to  its  deeper  position  between  the  ex. 
terior  and  interior  surfaces  of  the  animal  envelope.  Thenoe 
arises  the  rational  division  of  each  of  these  systems  into  su- 
perficial and  profound.  This  distinction  is  more  especially  re- 
markable with  regard  to  the  ncn-ous  system,  arranged,  first, 
in  the  form  of  filaments,  and  afterwards  that  of  ganglioof, 
nith  or  without  external  apparatus. 

Tliis  is  the  family  of  tissues,  the  fctudy  of  which  forms  the 
basis  of  anatomical  analysis.  It  would  be  departing  from  my 
object  to  inquire  into  the  laws  of  composition  under  whi<ji 
the  ascent  is  made  from  this  primary  study  to  that  of  porous 
substances,  and  thenoe  on  to  the  theory  of  the  organs,  and 
^  flien  to  that  of  systems  of  organs,  which  would  lead  us  on  to 
physiological  analysis.  I  have  fulfilled  the  aim  of  this  section 
in  exhibiting  the  methodical  connection  of  the  four  degrees  of 
anatomical  speculation,  about  which  no  real  uncertainty  exists. 
.  Deeper  than  this  we  cannot  go.    The  last  term 

STIIISt  in  our  abstract,  intellectual  decomposition  of  the 
^^'  organism  is  the  idea  of  tissue.  To  attempt  the 
passage  from  this  idea  to  that  of  molecule,  which  is  appro- 
priate to  inorganic  philosophy,  is  to  quit  the  positive  method 
altogether :  and  those  who  do  so,  under  the  fancy  that  ther 
may  possibly  establish  a  notion  of  organic  molecules,  and  who 
give  that  vain  search  the  name  of  transcendental  anatomy, 
are  in  fact  imitating  the  chemists  in  a  region  into  whidi  Che- 
mistry must  enter  in  its  o^ii  shape  where  admissible  at  all, 
and  are  asserting  in  other  words  that,  as  bodies  are  formed  of 
iudi^-isiblc  molecules,  animals  arc  formed  of  animalcules.  This 
is  sunply  an  attempt,  in  the  old  spirit,  to  penetrate  into  the 
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nature  of  existenoes,  and  to  establish  an  imaginary  analogy 
between  orders  of  phenomena  which  are  cssciitialljr  hetero- 
geneous. It  is  little  creditable  to  tbe  scientific  sjiirit  of  our 
time  that  this  aberration  should  call  for  exposure  and  rebuke, 
and  that  it  should  need  to  be  asserted  that  the  idea  of  tissae 
is,  in  oi^anic  speculation,  the  logical  equivalent  of  the  idea  of 
molecule  in  inorganic  speculation. 

We  here  find  ourselves  in  possession  of  a  sufficient  bans  of 
anatomical  science,  while  we  need  yet  a  more  complete  and 
profound  combination  of  the  ideas  of  comparative  and  tex- 
tural  anatomy.  This  want  will  be  supplied  when  we  become 
universally  familiarized  with  the  four  analytical  d^rees,  com- 
plementary to  each  other,  which  must  henceforth  be  recog- 
nized and  treated  as  the  basis  of  anatomical  speculation. 
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CHAPTER  III. 

BIOTAXIC  PHILOSOPHY. 

After  tlie  statical  analysis  of  living  bodies,  there  must  be  a 
bierarchical  co-ordination  of  all  known,  or  even  possible  or- 
ganisms,  in  a  single  scries,  which  must  serve  as  a  basis  for 
the  whole  of  biological  speculations.  The  essential  principles 
of  tliis  philosophical  operation  are  what  I  have  now  to  point 
out. 

Compamtive  ^®  ^^^'^  already  seen  that  it  is  the  distinctioi: 
anat^v  of  of  biological  science  to  have  dcvcloi)cd  the  theon* 
Ti^ctabW  and  of  classifications,  which,  existing  in  aU  sciences, 
aiuinaU.  attains  its  perfection  when  applied  to  the  com- 

plex attributes  of  the  animal  organisms.  In  all  ages,  the  vcgc- 
table  organism  was  the  direct  subject  of  biological  classifica- 
tion ;  but  it  was  pursued  on  the  principles  fuinished  by  tlic 
consideration  of  animals,  whence  the  type  was  derived  which 
guided  philosophical  speculation  in  the  case.  It  could  not  1)c 
otherwise,  so  marked  and  incontestable  as  are  the  distinctions 
among  animal  organisms :  and  even  the  zoological  classifica- 
tion of  Aristotle,  imperfect  as  it  is,  is  infinitely  superior  to 
anything  which  could  then  have  been  attempted  with  rcgaini 
to  vegetables.  Tliis  natural  original  classification  has  k^ii 
rather  rectified  than  changed  by  die  labours  of  modem  times ; 
wliile  that  of  vegetables  has  met  with  an  opposite  fate.  As  a 
fact,  the  first  successful  attempts  in  tiie  animal  region  Ion? 
]ireccded  the  establishment  of  the  true  principles  of  classifi- 
cation ;  whereas,  it  was  only  by  a  laborious  systematic  applica- 
tion of  these  principles  that  it  has  been  possible,  e^^en  withiu 
a  century,  to  cflcct  any  rational  co-ordination  in  the  vc^tablc 
region,  so  little  marked,  in  comparison,  are  the  distinctions 
in  the  latter  case.  Tlie  natural  result  was  that  the  anini:il 
realm,  used  as  a  type,  became  more  and  more  attended  to,  till 
the  improvements  in  zoological  classification  Imve  gone  so  far 
as  ijcrhajis  to  lead  us  to  fear  that  the  vegetable  organism, 
owing  to  its  great  simplicity,  can  never  become  subject  to  a 
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much  better  classification  than  that  in  which  it  vas  left  in  the 
last  ceutuiy.  Tlic  labours  of  the  reformers  of  that  time  are 
very  far  indeed  fix>m  hanng  been  useless;  only,  what  thcj 
undertook  for  the  vegetable  kingdom  has  turned  rather  to  the 
profit  of  the  animal ; — an  inevitable  circumstance^  since  the 
property  which  rendered  the  animal  kingdom  the  natural  trpe 
of  the  taxonomical  series  must  adapt  it  to  receive  all  the  un- 
provemcnts  arising  from  the  general  principles  of  the  theory. 
The  character  of  the  theory  could  not  but  remain  incomplete^ 
however,  as  long  as  the  vegetable  classification  continued  to 
be  regarded  as  tiie  chief  end  of  the  research ;  and  the  classifi- 
cation became  rational  only  when  it  was  seen  that  the  vege- 
table region  was  the  further  end  of  the  scries,  in  which  the 
most  complex  animal  organism  must  hold  the  first  place ;  an 
order  of  arrangement  under  which  the  vi^table  organism 
will  be  more  cflcctually  studied  than  it  ever  was  while  made 
an  object  of  exclusive  investigation.  All  that  is  needed  is 
that  naturalists  should  extend  to  the  whole  scries  the  anatomi- 
cal and  physiological  considerations  which  have  been  attached 
too  exclusively  to  animal  oi^anisms;  and  this  will  certainly 
be  done  now  that  the  human  mind  is  furly  established  at  tte 
true  point  of  Wew,  commanding  the  fundamental  theory  of 
natural  classification. 

These  prefatory  remarks  indicate  oiur  theme,   xnima^i  ana* 
We  must  have  the  whole  series  in  view ;  but  the  tomy  our  Bub- 
auimal  region  must  be  our  immediate  and  ex-  j«** 
pHcit  subject, — Ixxth  as  furnishing  the  rational  bases  of  the 
general  theory  of  classification,  and  as  exhibiting  its  most 
eminent  and  perfect  application.  ' 

The  subject  divides  itself  into  two  parts :  the   BiTinonof 
formation  of  natural  groups,  and  their  hierar-   thenatunl 
chical  succession ; — a  division  necessary  for  pur-   ™«***od. 
poses  of  study,  though  the  two  parts  ultimately  and  logically 
coalesce. 

In  contemplating  the  groups,  the  process  ia  to  . 

class  together  those  species  which  present,  amidst  *  I5«*»*I*- 
a  variety  of  difTerences,  such  essential  analogies  as  make  them 
more  like  each  other  than  like  any  others, — without  attending, 
for  the  present,  to  the  gradation  of  the  groups,  or  to  their  in- 
terior distribution.  If  this  were  all,  the  classification  must 
J^main  either  doubtful  or  arbitrary,  as  the  circumscription  of 
each  group  could  seldom  be  done  so  certainly  as  inevitably  tp 

t2 
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P  include  or  exclude  nothing  that  might  not  bdong  to  another 

group :  and  great  discordance  was  therefore  observed  in  the 
early  division  into  orders,  families,  and  even  genera.  But  the 
difficulty  disappears  on  the  foundation  of  the  fundamental 
hierarchy,  which  rigorously  assigns  its  place  to  each  species, 
and  clearly  defines  the  ideas  of  genera,  families,  and  classett, 
irhich  henceforth  indicate  different  kinds  of  decomposition, 
effected  through  certain  modifications  of  the  principle  ^vhidi 
graduates  the  whole  series.  The  animal  realm,  especially  in 
its  higher  parts,  is  as  yet  the  only  one  in  which  the  successive 
degrees  have  admitted  a  fully  scientific  description.  The 
rough  classification  into  natural  groups  was  an  indispensable 
preparation  for  the  marshalling  into  a  series  of  the  immeasur- 
able mass  of  materials  presented  bv  nature.  The  groups  being 
thus  separated,  and  the  study  of  their  interior  distribution 
postponed,  the  innumerable  throng  of  organic  existences  became 
manageable.  This  great  benefit  has  misled  botanists  into  the 
^  supposition  that  the  formation  of  these  groups  is  the  most 

I  sacutific  part  of  the  natural  method, — otherwise  than  as  a 

.  I  preliminary  process.     The  regular  establishment  of  natural 

I  families  offers,  no  doubt,  great  facilities  to  scientific  studv,  by 

enabling  a  single  case  to  serve  for  a  whole  group :  but  tliis  is 
a  wholly  different  matter  from  the  value  of  the  natural  metliod, 
regarded  as  it  must  henceforth  be,  as  the  highest  rational 
means  of  the  whole  study,  statical  and  dvnamical,  of  tkc 
system  of  living  bodies ;  and  the  great  conaition  of  which  i$ 
that  the  mere  position  assigned  to  each  body  makes  manifc:^t 
its  whole  anatomical  and  physiological  nature,  in  its  relation 
to  the  bodies  which  rank  bcrore  or  after  it.  These  properties 
could  never  belong  to  any  mere  establisnmcnt 
OjK^Mtion  Qf  natural  famiKcs,  if  they  could  be  grouixxl 
with  a  perfection  which  is  far  from  being  pos- 
sible ;  for  the  arbitrary  arrangement  of  the  families,  and  tlic 
uidcterminate  decomposition  of  each  of  them  into  species, 
would  destroy  aU  aptitude  for  comprehensive  anatomical  or 
physiological  comparison,  and  open  the  way  for  that  seareli 
after  partial  and  sccondair  analogies  which  we  see  to  be  so 
mischievous  in  the  studv  of  the  vc^table  kingdom  at  this  day. 
Tlie  Natural  Method,  then,  is  philosophically  characterized 
by  the  general  cstablislmient  of  the  organic  hierarchy,  reduced, 
if  dcsircd,  to  the  rational  co-ordination  of  genera  and  even  ojf 
({tmilies,  the  realization  of  which  is  found  only  in  the  animal 
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region;  and  there  only  in  an  initiatory  state.     And  tlic  co- 
ordination proceeds  under  three  great  laws,  which 
are  these :  first,  that  the  animal  species  present  '^^^^^^Z^^ 
a  perpetually  increasing  complexity,  hoth  as  to  the 
divCTsity,  the  multiplicity,  and  the  speciality  of  their  ot^sumc 
elements,  and  as  to  the  composition  and  augmenting  variety 
of  their  oi^ans  and  systems  of  organs.    Secondly :  that   tikis 
order  corresponds  precisely,  in  a  dynamical  Tiew,  with  a  liie 
more  complex  and  more  active,  composed  of  functions  mox>e 
numerous,  more  varied,  and  better  defined.   Thirdly :  that  tlie 
living  being  thus  becomes,  as  a  necessary  consequence,  more 
and  more  susceptible  of  modification,  at  the  same  time  tiiat  lie 
exercises  an  action  on  the  external  world,  continually  more 
profound  and  more  extensive.    It  is  the  union  of  these  three 
laws  which  rigorously  fixes  the  philosophical  direction  of  the 
biological  hierarchy,  each  one  dissipating  any  uncertainty 
which  might  hang  about  the  other  two.     Hence  results  the 
possibility  of  conceiring  of  a  final  arrangement  of  all  livings 
species  in  such  an  order  as  that  each  shall  be  always  inferior 
to  all  that  precede  it,  and  superior  to  all  that  follow  it,  what- 
ever might  otherwise,  from  its  nature,  be  the  difficulty  of  ever 
realizing  the  hierarchical  type  to  such  a  degree  of  predsion  as 
this. 

All  adequate  inquirers  arc  now  agreed  upon  this  conception 
as  the  starting-point  of  biological  speculation;  and  I  need  not 
therefore  stop  to  take  notice  of  any  prior  controversies,  except 
one,  which  is  noticeable  fit>m  its  haring  tended  to  illustrate 
and  advance  the  principle  of  the  natural  method.  I  refer  to 
the  discussion  raised  by  Lamarck,  and  main-  Question  of 
tained,  though  in  an  imperfect  manner,  by  Cu-  pemanenoe  of 
ricr,  with  regard  to  the  general  permanence  of  <»i;*»»  qpedea. 
organic  species.  The  first  consideration  in  this  matter  is,  that 
irhatever  may  be  the  final  decision  of  this  great  biological 
question,  it  can  in  no  way  affect  the  fundamental  existence 
of  the  organic  hierarchy.  Instead  of  there  being,  as  Lamarck 
coujectuj^,  no  real  zoological  series,  all  aninuJ  organisms 
being  identical,  and  their  characteristics  due  to  external  dr- 
cumstances,  we  shall  see,  by  a  closer  examination,  tiiat  the 
hypothesis  merely  presents  the  series  tmder  a  new  aspect, 
which  itself  renders  the  existence  of  the  scale  more  clear  and 
unquestionable  than  before;  for  the  whole  zoological  scries 
would  then  become,  in  fact  and  in  sjicculation,  perfectly  ana- 


414  P08ITITB  raiLOSOPHT. 

logons  to  the  development  of  the  individual ;  at  least,  in  its 
ascending  period.  There  wonld  be  simply  a  long  determinate 
sncccssion  of  organic  states,  gradually  deduced  from  each  other 
in  the  course  of  ages  by  transformations  of  growing  com- 
plexity, the  order  of  vhich,  necessarily  linear,  ivould  be  pre- 
cisely comparable  to  that  of  the  consecutive  metamorphoses 
of  hexapod  insects,  only  much  more  extended.  In  brief,  the 
progressive  course  of  the  animal  organism,  which  is  now  only 
a  convenient  abstraction,  adapted  to  facilitate  thought  1^ 
abridging  discourse,  would  thus  be  converted  into  a  real  na- 
tural law.  This  controversy,  then,  in  which  Lamarck  showed 
b^  far  the  clearer  and  profounder  conception  of  the  oi^uic 
hierarchy,  while  Cuvier,  without  denying,  often  misconceived 
it,  leaves,  in  fact,  wholly  untouched  the  thcoiy  of  the  biolo- 
gical scries,  which  is  ^uite  independent  of  all  opinion  about 
the  permanence  or  variation  of  living  species. 

The  only  attribute  of  tliis  scries  which  could  be  affected  by 
this  controversy  is  the  continuity  or  discontinuity  of  the  or- 
ganic progression :  for,  if  we  admit  Lamarck's  hypothesis,  in 
which  the  different  oi^anic  states  succeed  each  other  slowly 
by  imperceptible  transitions,  the  ascending  series  must  en- 
dent]  v  be  conceived  of  as  rigorousljr  continuous ;  whereas,  if 
we  admit  the  stability  of  living  species,  we  must  lay  down  as 
a  fundamental  principle  the  discontinuousness  of  the  series, 
without  pretending,  either,  to  limit,  i  priori^  in  any  way  the 
small  elementary  intervals.  This  is  the  question  to  be  consi- 
dered ;  and  thus  restricted,  the  discussion  is  of  extreme  im- 
portance to  the  general  advancement  of  the  Natiural  Method, 
which  will  be,  in  fact,  much  more  clearly  described  if  we  arc 
able  to  regard  the  species  as  essentially  stable,  and  the  organic 
series  therefore  as  composed  of  distinctly  separate  terms,  even 
at  its  highest  stages  of  development;  for  the  idea  of  spedei, 
which  is  the  principal  Uotaxic  unity,  would  no  longer  alloir 
any  scientific  definition,  if  we  must  admit  the  bdefinite  trans- 
formation of  different  species  into  each  other,  under  the  suffi- 
ciently-prolonged influence  of  circumstances  suflScicntly  in- 
tense. However  certain  might  be  the  existence  of  the  liiolo- 
gical  hierarchy,  we  should  have  almost  insurmountable  diffi- 
culty in  realising  it ;  and  this  proves  to  us  the  high  philoso- 
phical interest  wliicli  lidongs  to  this  great  question. 

Lnmarck's  reasoning  rested  on  the  combination  of  these 
tAvo  iucontcstable  but  ill-described  principles :  first,  the  apti- 
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tude  of  any  organism  (and  especially  an  animal  organism)  to 
be  modified  to  a  oonfbrmity  to  the  exterior  circumstances  in 
Ti'hich  it  is  placed,  and  nrhich  solicit  the  predominant  exercise 
of  some  special  oi^an,  corresponding  to  some  faculty  become 
requisite ;  and  secondly,  the  tendency  of  direct  and  individual 
modifications  to  become  fixed  in  races  by  hereditaiy  tranB- 
mission,  so  that  they  may  increase  in  each  new  gisneration,  if 
the  cmironment  remains  unaltered.  It  is  evident  that  if  tiiis 
double  property  is  admitted  without  restriction,  all  organisms 
may  be  regarded  as  having  been  produced  by  cadi  other,  if  we 
only  dispose  the  enrironment  with  that  freedom  and  prodiga- 
lity so  eas^  to  the  artless  imagination  of  Lamarck.  The  false- 
ness of  this  hypothesis  is  now  so  fully  admitted  by  naturalists 
that  I  need  only  briefly  indicate  where  its  vice  resides. 

We  need  not  stop  to  object  to  the  immeasurable  time  re- 
quired for  each  system  of  circumstances  to  cfToct  such  an  or- 
ganic transformation ;  nor  yet  to  expose  the  futility  of  ima- 
gining organic  environments,  purely  ideal,  which  are  out  of 
all  analogy  with  existing  media.  Wc  may  pass  on  to  the  con- 
sideration that  the  conjecture  rests  on  a  deeply  erroneous 
notion  of  the  nature  of  the  living  organism.  The  organism 
and  the  medium  must  doubtless  oe  mutually  related;  but  it 
does  not  follow  that  either  of  them  produces  the  other.  The 
question  is  simply  of  an  equilibrium  between  two  heterogeneous 
and  independent  powers.  If  all  possible  organisms  had  been 
placed  in  all  possible  media,  for  a  suitable  time,  the  greater 
number  of  them  would  necessarily  disappear,  leaving  those  only 
which  were  accordant  with  the  laws  of  the  fundamental  eqm- 
librium;  and  it  is  probably  by  a  series  of  eliminations  like 
this  that  a  biological  harmony  has  become  gradually  established 
on  our  globe,  where  we  see  such  a  process  now  for  ever  going 
on.  But  the  whole  conception  would  be  overthix)wn  at  once 
if  the  organism  could  be  supposed  capable  of  modification,  ad 
hfinitum,  by  the  influence  of  the  medium,  without  haring  any 
proper  and  indestructible  energy  of  its  own. 

Though  the  solicitation  of  external  circumstances  certainly 
does  change  the  primitive  organization  by  developing  it  in 
^mc  particular  direction,  the  limits  of  the  alteration  are  very 
narrow :  so  that,  instead  of  wants  creating  faculties,  as  La- 
marck would  have  us  believe,  those  wants  merely  develop  the 
powers  to  a  very  inconsiderable  degree,  and  could  have  no 
influence  at  all  without  a  primitive  tendency  to  act  upon. 
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The  disappearance  of  the  superior  races  of  animals  before  the 
encrbochments  of  Man  shows  how  limited  is  the  power  of  the 
organism  to  adapt  itself  to  an  altered  environment;  even  the 
human  barbarian  gives  way  to  civilized  Man:  and  vet  the 
power  of  adaptation  is  known  to  be  greatest  in  the  highest 
organisms,  whereas  the  hypothesis  of  Lamarck  would  require 
the  fact  to  be  the  other  way.  In  a  statical  view^  too,  this  con- 
ception  would  compel  us  to  regard  the  introductory  animal  as 
containing,  at  least  in  a  rudimentary  state,  not  only  all  the 
tissues,  (which  might  be  admissible,  reducible  as  they  are  to 
the  cellular  tissue,)  but  all  the  oi^ans  and  systems  of  organs; 
which  is  incompatible  with  anatomical  comparison.  Thus,  in 
every  view  is  Lamarck's  conception  condemned :  and  it  eveu 
tends  to  destroy  the  philosophical  balance  between  the  two 
fundamental  ideas  of  organization  and  life,  by  leading  us  to 
suppose  most  life  where  there  is  least  organization.  The 
lesson  that  we  may  learn  from  it  is  to  study  more  effectually 
the  limits  nithin  which,  in  each  case,  the  medium  may  modiiS' 
the  orsamsm,  about  which  a  very  great  deal  remains  to  be 
learned :  and  meantime,  there  can  scarcely  be  a  doubt,  espe- 
cially after  the  luminous  exposition  of  Cuvier,  that  species 
remain  essentially  fixed  through  all  exterior  variations  com- 
patible with  their  existence. 

Cuvier's  argument  rests  upon  two  chief  consideratioBs, 
complementary  to  eadi  other  ;*-the  permanence  of  the  most 
ancient  known  species;  and  the  resistance  of  existing  species 
to  the  most  powerful  modifying  forces:  so  that,  first,  the 
number  of  species  docs  not  diminish;  and  next,  it  docs  not 
increase.  'We  go  back  for  eridence  to  the  descriptions  of 
Aristotle,  twenty  centuries  ago :  we  find  fossil  species,  iden- 
tical with  those  before  our  eyes :  and  we  obsen'c  in  the  oldest 
mumm^s  e^'cn  tlie  simple  secondary  differences  which  notr 
distinguish  the  races  of  men.  And,  as  to  the  second  view,  we 
derive  evidence  from  an  exact  analysis  of  the  effects  of  domes- 
tication on  races  of  animals  and  v^ctables.  Human  inter- 
vention, affording,  as  it  docs,  the  most  favourable  case  for 
alteration  of  the  organism,  has  done  nothing  more,  even  when 
combined  with  change  of  locality,  than  alter  some  of  the 
qualities,  without  touching  any  of  ^e  essential  characters  of 
any  species;  no  one  of  which  has  e^er  beoi  transformed  into 
any  other.  No  modification  of  race,  nor  any  influences  of  the 
social  state,  have  ever  juried  the  fundamental  and  strongly 
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marked  nature  of  the  human  snccics.     Thus,  trithout  straying: 
into  any  useless  speculations  about  the  ori^n  of  the  different 
organisms,  ire  rest  upon  the  great  natural  law  that  living 
species  tend  to  perpetuate  themselves  indefinitdy,  with  the 
same  chief  characteristics,  through  any  exterior  changes  com* 
patible  with  their  existence.     In  non-essentials  the  species  is 
modified  within  certain  limits,  bevond  which  it  is  not  modi- 
fied but  destroyed.    To  know  tluis  much  is  good:  but  ire 
must  remember  that  it  teaches  lis  nothing,  with  any  com- 
pleteness, of  the  kind  of  influence  exercised  by  the  medium 
on  the  organism.    The  rational  theory  of  this  action  remains 
to  be  formed :  and  the  laying  do^vn  the  question  was  the  great 
result  of  the  Lamarck  controversy,  which  thus  rendered  an 
eminent  service  to  the  progress  of  sound  biological  philosophy. 

We  may  now  proceed  on  the  authorized  conception  that 
the  great  biological  series  is  necessarily  discontinuous.  The 
transitions  may  ultimately  become  more  gradual,  by  the  dis- 
covery of  intermediate  organisms,  and  by  a  better  directed 
study  of  those  already  known:  but  the  stability  of  species 
makes  it  certain  that  the  series  will  always  be  composed  of 
dearly  distinct  terms  separated  by  impracticable  intervals. 
It  now  appean  that  the  preceding  examination  was  no  need* 
less  digression,  but  an  inquiry  necessary  to  establish,  in  the 
hierarchy  of  living  bodies,  this  characteristic  property,  so 
directly  involved  in  the  rational  establishment  of  the  hier- 
archy itself. 

Haring  surveyed  the  two  great  conceptions  of  Xwo  logical 
Natural  Groups,  and  tlie  biological  scries,  which   oonditiou  of 
together  constitute  what  is  called  the  Natural  tJ»»*«*y- 
^lethod,  we  must  now  notice  two  great  logical  conditions  of 
the  study.    The  first,  or  primordial,  is  the  principle  of  the 
subordination  of  charactera :  the  other,  the  final,  prescribes 
the  translation  of  the  interior  charactera  into>exterior,  which, 
in  &ct,  results  from  a  radical  investigation  of  the  same 
principle. 

From  the  earliest  use  of  the  natural  method,  Subordinitioii 
even  before  the  investigation  had  passed  on  from  of  charactem- 
the  natural  groups  to  the  series  of  them,  it  was  *^ 
seen  that  the  taxonomic  charactera  must  be  not  only  num- 
bered but  weighed,  according  to  the  rules  of  a  certain  funda- 
mental subordination  which  must  exist  among  them.  The 
only  subordination  'which  is  strictly  scientific,  and  free  fifom 
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all  arbitrary  intermixtarey  is  that  Trhich  results  from  a  com. 
parative  analysis  of  the  different  organisms :  this  analysis  is 
of  recent  date,  and  even  yet  is  adequately  applied  only  in  the 
animal  region ;  and  thus  the  subordination  was  no  more  than 
barely  conceived  of  before  the  institution  of  comparative  ana- 
tomy^ and  the  weighing  of  attributes  is  closely  connected  with 
the  conception  of  the  organic  hierarchy.  The  subordination 
of  taxonomic  characters  is  effected  by  measuring  their  respec- 
tive importance  according  to  the  relation  of  the  corresponding 
organs  to  the  phenomena  which  distinguish  the  species  under 
study, — the  phenomena  becoming  more  special  as  we  descend 
to  smaller  suodivisions.  In  short,  here  as  elflewhere,  the  phi- 
losophical task  is  to  establish  a  true  harmony  between  statical 
conditions  and  dynamical  properties;  between  ideas  of  life 
and  ideas  of  organization,  which  should  never  be  separated  in 
our  scientific  studies  but  in  order  to  their  ulterior  combina- 
tion. Thus  our  aim,  sometimes  baffled  but  always  hopeful, 
is  to  subordinate  the  taxonomic  characters  to  each  otlier, 
without  the  admission  of  anything  arbitrary  into  any  arrange- 
ment of  importance.  We  thus  meet  with  gaps  in  our  sche- 
dules which  we  should  avoid,  or  be  insensible  to,  under  an 
arbitrary  system ;  but  we  may  subdue  our  natural  impatience 
under  this  imperfection  by  accustoming  our  minds  to  regard 
rational  classification  as  a  true  science,  continually  progressive, 
always  perfectible,  and  therefore  always  more  or  less  imperfect, 
like  all  positive  science. 

Procedure,  in  ^^  conducting  the  process  of  comparison,  the 
use  of  tljeNa-  characters  must  be  admitted  without  restriction, 
tunl  MeUiod.  Jn  virtue  of  their  positive  rationality,  howc\er 
inconvenient  to  manage  and  difficult  to  verify.  This  is  the 
foundation  of  the  proposed  classification.  The  next  step  is  to 
discard  from  the  collection  those  whose  verification  would  be 
too  difficult,  substituting  for  them  some  customary  equivalents. 
Without  this  second  process,  which  is  as  yet  inadequately  ap- 
preciated, the  passage  from  the  abstract  to  the  concrete  would 
be  inextricably  embarrassed.  The  anatomist  and  physiologist 
may  be  satisfied  with  a  definition  of  groups  which  mill  not 
suit  the  zoologist,  and  still  less  the  naturalist.  The  kind  of 
transformations  required  is  easily  specified.  First,  it  is  dear 
how  important  it  is  to  discanl  the  characters  which  arc  not 
permanent,  and  those  which  do  not  belong  to  the  various  na- 
tural modifications  of  the  species  under  study.    They  can  be 
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admitted  only  as  provisional  attributes  till  true  equivalents, 
permanent  and  common,  have  been  discovered.  But  the  very 
nature  of  the  problem  indicates  that  the  aim  of  the  diicf  siib- 
stitution  should  be  to  replace  all  the  interior  characters  bjr 
citcrior :  and  it  is  this  which  constitutes  the  main  difficulty, 
and,  at  the  same  time,  the  highest  perfection  of  this  final  ope- 
ration. AVhcn  such  a  condition  is  fulfilled,  on  the  basis  of  a 
rational  primitive  classification,  t)ie  natural  method  is  irrevo- 
cably constituted,  in  the  plenitude  of  its  various  essential  pro- 
perties, as  Ave  now  find  it  in  the  case  of  the  animal  kingdom. 

Tliis  transformation  appears  to  be  necessarily  possible;  for, 
as  a  chief  characteristic  of  animality  is  action  upon  the  ex- 
ternal world  and  corresponding  reaction,  the  most  important 
primitive  phenomena  of  animal  life  must  take  place  at  the 
surface  of  separation  between  the*  organism  and  its  environ- 
mcnt;  and  considerations  with  r^ard  to  this  envelope^  its 
form,  consistence,  etc.,  naturally  fimiish  the  principal  distinc- 
tions of  the  different  animal  organizations.   The  interior  organs^, 
which  have  no  direct  and  continuous  relation  to  the  medium^ 
will  always  be  of  the  highest  importance  among  vegetative 
phenomena,  the  primitive  and  umform  basis  of  all  lUe :  but 
they  are  of  secondary  consequence  in  considering  the  d^iees 
of  animality ;  so  that  the  interior  part  of  the  animal  envdope, 
by  which  various  materials  for  use  are  elaborated,  is  less  im- 
l)ortant,  in  a  taxonomic  point  of  view,  than  the  exterior  part, 
which  is  the  scat  of  tlie  most  characteristic  phenomena.    Ac- 
cordingly, the  transformation  of  interior  into  exterior  zoological 
characters  is  not  merely  an  ingenious  and  indispensable  arti- 
fice, but  a  simple  return  from  the  distraction  of  an  overwhelm-  ' 
ing  mass  of  facts  to  a  direct  philosophical  course  of  investigation. 
'When  therefore  we  see  a  recourse  to  interior  characteristics 
in  the  study  of  the  animal  scries,  we  must  recognize  the  truth 
that  not  only  is  the  classification  as  vet  unfinished,  but  that 
the  operation  is  imperfectly  conceived  of;  that  the  inquirer 
has  not  ascended,  through  sound  biological  analysis,  to  the 
original  source  of  analogies  empirically  discovered. 

After  thus  ascertaining  the  nature  of  the  Natural  Method, 
vc  must,  before  quitting  the  subject,  glance  at  the  mode  of  its 
application  in  the  co-ordination  of  the  biological  scries,  con- 
doused  into  its  principal  masses. 

Tlie  most  general  dirision  of  the  organic  world   Diriskm  of 
is  into  the  animal  and  vegetable  kingdoms;    a   animal  and 
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TcgeUble  division  Trhicb  remains  as  an  instance  of  thorough 

kingdomf .  discontinuity^  in  spite  of  all  efforts  to  represent 
it  as  an  artificial  arrangement.  The  deeper  we  go  in  the  study 
of  the  inferior  animals^  the  more  plainly  we  perceive  that  lo- 
comotion^ partial  at  leasts  and  a  corresponding  degree  of  ge- 
neral sensioility,  are  the  predominant  and  unUbrm  characters 
of  the  entire  animal  series.  These  two  attributes  are  even 
more  universal  in  the  animal  kingdom  than  the  existence  of 
a  digestive  canal^^  which  is  commonly  regarded  as  its  chief  ex- 
clusive characteristic :  a  predominance  which  would  not  have 
been  assigned  to  this  attribute  of  the  organic  life  but  for  its 
being  an  inevitable  consequence^  and  therefore  an  unques- 
tionable  test,  of  the  double  property  of  locomotion  and  sensi- 
bility; to  which  we  must,  in  consequence,  assign  the  first 
place.  Such  a  transformation,  however,  relates  only  to  move- 
able animals ;  so  that  for  the  rest,  we  should  have  still  to  seek 
some  other  yet  more  general  indication  of  universal  animality, 
if  we  must  despair  of  Unally  discovering  in  it  every  direct  ana- 
tomical  condition  of  these  two  animal  properties.  As  for  the 
case  of  certain  gyrating  plants  which  appear  to  manifest  some 
signs  of  these  properties,  our  imperfect  analysis  of  their  mo- 
tions discloses  no  tnie  character  of  animality,  since  we  can 
discover  no  constant  and  immediate  relation  with  either  exte- 
rior impressions  or  the  mode  of  alimentation. 
Hienrcliy  of  Ncxt  to  the  dinsion  of  the  two  organic  king- 
tlie  uiimal  doms  comes  the  question  of  the  rational  hierarchy 
kingdom.  of  the  animal  kingdom,  by  itself.    In  the  placi 

of  the  irrational  considerations,  so  much  rdied  on  formerly, 
of  abode,  mode  of  nutrition,  etc.,  we  now  rest  upon  the  supreme 
consideration  of  the  greater  or  less  complexity  of  the  organism, 
of  its  relative  perfection,  specialiW,  elevation ;  in  short,  of  tlie 
degree  of  animal  dignity ,  as  M.  Jussieu  has  well  expr^scd  it. 
The  next  preparatory  step  was  in  the  anatomical  fidd,  to  de- 
termine the  successive  degrees  of  animality  proper  to  the  dif- 
ferent organs.  The  combination  of  the  two  great  inquiries, — 
into  the  bases  of  the  zoological  liierarchy  as  residing  in  the 
organization,  and  into  the  rank  of  the  organs  in  their  relation 
to  life, — ^lias  furnished,  since  the  beginning  of  this  ceutur}% 
the  first  direct  and  general  sketch  of  a  definitive  graduation  of 
the  animal  kingdom.  Henceforth,  it  became  admitted  that, 
as  the  ncn'oiis  system  constitutes  the  most  animal  of  the  ana- 
tomical elements,  the  classification  must  be  directed  by  it ; 
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other  organs,  and^  yet  more,  inorganic  conditions,  bcsin^ 
curred  to  only  on  the  failure  of  the  chief  in  the  most  special 
subdirisions;  and  the  substitutes  being  employed  aeocnrdin^ 
to  their  decreasing  animality.    Whatever  share  other  zaali^- 
gists  may  have  contributed  hv  their  labours  to  the  formatiaii 
of  this  theory,  it  is  to  M.  de  Blainville  that  the  credit  of  it 
especially  belongs :  and  it  is  Inr  his  classification  that  we  muflt 
proceed  in  estimating  the  application  of  the  Natural  Method 
to  the  direct  construction  of  the  true  animal  hieraidiy. 

The  happiest  innovation  Tfbidk  distinguishes  .^ 

this  zoological  system  is  that  it  attributes  a  high  fl^^^ 
taxonomic  importance  to  the  general  form  of  the  ' 

animal  envelope,  vhich  had  before  been  neglected  by  nata- 
raUsts^  and  wbich  offers  the  most  striking  feature,  in  regard 
to  description,  in  the  symmetry  which  is  the  prevailing  cha^ 
racter  of  the  animal  organism.    We  must  here  reserve  the 
case  of  the  non-symmetrical  animals;  and  this  shows  that  the 
idea  is  insufficiently  analysed  as  yet.    The  principle  is  perhaps 
saved,  or  the  difficulty  distanced,  by  the  &ct  that  in  these  ani- 
mals no  trace  can  be  ^scoverod  of  a  nervous  system;  but  there 
is  a  sufficient  want  of  precision  and  deamess  to  mark  this  as 
a  case  reserved  for  further  analysis.    We  shall  not  wonder  at 
this  imperfection  if  we  remember  how  erroneous  were  the 
notions,  no  further  back  than  two  generations  ago,  about  very 
superior  orders  of  animals, — ^the  whole  of  the  radiated,  a  psrt 
of  the  moUusks,  and  even  of  the  lower  articulated  animals. 
Among  the  orders  thus  restricted,  there  are  two  kinds  of  sym- 
metry, the  most  perfect  of  which  relates  to  a  plane,  and*the 
otiier  to  a  point,  or  rather  to  an  axis :  hence  the  further  clas- 
sification of  animals  into  the  duplicate  and  the  radiated.    It 
is  impossible  to  admire  too  much  the  exactness  with  which  an 
attribute,  apparently  so  unimportant,  corresponds  with  the 
aggregate  of  the  highest  biolo^cal  comparisons,  which  are  all 
found  spontaneously  converging  towards  this  simple  and  hmi- 
nous  distinction.     Still  it  remains  empirical  in  its  preponde- 
rance ;  and  we  yet  need  a  dear  and  rational  explanation,  botii 
physiological  and  anatomical,  of  the  extreme  necessary  inferi- 
ority of  Ac  radiated  to  the  duplicate  animals,  which^  by  didr  na- 
ture, must  be  nearer  to  ]Man,  the  fundament  uni^  in  zoology. 

Taking  the  duplicate  animals,  or  artiozoaries,   DiTisMmor 
their  order  is  again  divided  according  to  the  con-   dujilioite  / 

sistence  of  the  envelope, — ^whether  it  is  hard  or   ""^^ 
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soft^ — and  therefore  more  or  less  fit  for  locomotion.  Tliis  is, 
in  fact,  a  protraction  of  the  last  consideration^  as  qmnnetrv 
must  be  more  murked  in  the  case  of  a  hard  than  of  a  soft 
covering.  The  two  great  attributes  of  animality, — ^locomotion 
and  sensation, — establish  profound  and  unquestionable  differ^ 
enccs,  anatomical  and  physiological,  bctrrecn  these  two  cases; 
and  we  may  easily  connect  them  rationalljr  with  this  primitive 
distinction,  and  perceive  how  they  exhibit  inarticulated  ani- 
mals  as  necessarily  inferior  to  the  articulated. 
DiTiskm  of  The  articulated  animals  must  next  be  distin- 

arricukted  guished  into  two  great  classes,  according  to  the 
animab.  mode  of  articulation ;  whether  under  the  enve- 

lope, by  a  bony  skeleton,  or  a  cartilaginous  one,  in  the  lowest 
degrees ;  or  whether  the  articulation  is  extemid,  by  the  con- 
solidation of  certain  homy  parts  of  the  envelope,  alternating 
with  the  soft  parts.  The  inferiority  of  this  latter  organization, 
especially  i^ith  regard  to  the  high  functions  of  the  nervous 
system,  must  be  seen  at  a  glance.  It  is  observable  that  the 
more  imperfect  development  of  this  eminently  animal  system 
always  coincides  with  a  fundamental  difference  in  the  position 
of  its  central  part,  which  is  always  above  the  digestive  canal 
in  vertebrated  animals,  and  below  it  in  those  wluch  have  an 
external  articulation. 

The  rational  hierarchy  of  the  chief  organisms  in  the  upper 
part  of  the  animal  series  is,  then>  composed  of  the  three  great 
classes; — ^the  vertebrated  animals,  those  which  are  articulated 
externally,  and  the  mollusks;  or,  in  scientific  language,  the 
osteozoaries,  the  entoinozoaries,  and  the  mataeozoarie$. 
Contideration  Glancing,  finally,  at  the  division  of  the  first  of 
of  the  enre-  these  dasscs,  I  may  rcmmrk  that  all  former  dc- 
^^'P^  scriptions  and  definitions  may  merge  in  the  con- 

sideration of  the  envelope.  It  \iill  be  enough  here  to  refer 
merely  to  the  secondary  A-icw  of  the  envelope, — ^that  of  the 
inorganic  productions  which  separate  it  from  its  environmnit. 
M.  de  Blainville  has  shown  us  how  the  descent  from  Man, 
through  all  the  mammifera,  the  birds,  reptiles,  amphibious 
animals,  and  fishes,  is  faithfrilly  represented  by  the  conside- 
ration of  a  cutaneous  surface  furnished  with  hair,  feathers, 
scales,  or  left  bare.  Tlic  same  determining  importance  of  the 
envelope  is  perceived  in  the  next  order  of  animals,  in  wliicli 
the  descent  is  roeasiured  by  the  increasing  numbor  of  pairs 
of  locomotive  appendages,  from  the  hcxapods  to  the  myria- 
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podft,  and  evtai  to  the  apodes,  which  are  at  the  loircr  extre- 
mitj. 

It  n  not  oonsiatent  vith  the  object  of  this  Work  to   go 
further  into  a  description  of  the  aidmal  hierarchy.    My  aim 
iu  gi^'ing  the  above  details  has  been  to  fix  the  reader's  atten- 
tion on  my  preliminary  recommendation  to  study  the  present 
co-ordination  of  the  animal  kingdom  as  an  indispensable  con- 
crete explanation  of  the  abstract  conceptions  which  I  had 
offered,  in  illustration  of  the  natural  method.    We  must  pass 
\U^  thcrefiNre,  all  speculations  and  studies  which  belong  to 
zoological  philosophy,  and  merely  observe  that  there  is  one 
portion  of  the  fundamental  system  which  remains  to  be  con- 
stituted, and  the  general  principles  of  which  are  as  yet  only 
vaguely  perceived ; — I  mean  the  rational  distribution  of  the 
species  of  each  natural  genus.    This  extreme  and  delicate  ap- 
plication of  the  taxonomic  theory  would  have  been  inopportune 
at  an  earlier  stage  of  the  development  of  the  science :  but  the 
time  has  arrived  for  it  to  be  undertaken  now. 

We  cannot  but  see  that  the  natural  method   j^atuname- 
docs  not  admit  of  anything  like  the  perfection  in   thod  applied 
the  vegetable  kingdom  that  it  exhibits  in  even  the   to  the  v^ 
lower  stages  of  the  animal.    The  families  maybe  t^^^ekingdom. 
r^arded  as  established,  though  in  an  empirical  way ;  but  their 
natural  co-ordination  remains  almost  entirely  arbitrary,  for 
want  of  a  hierarchical  principle  by  whidi  to  subordinate  them 
rationally.    The  idea  of  animality  yields  a  sue- 
cession  of  degrees,  deeply  marked,  so  as  to  supply   ^j!«^t^ 
the  basis  of  a  true  animal  hierarchy :  but  there 
i&  nothing  of  the  kind  in  our  conception  of  vegetable  existence. 
The  intensity  in  this  region  is  not  always  cqudl;  but  the  cha- 
racter of  vegetable  life  is  homogeneous ; — ^it  is  always  assimi- 
lation and  tiie  contrary,  continuous,  and  issuing  in  a  neoessaiy 
reproduction.    The  mere  differences  of  intensity  in  such  phe- 
uomcua  cannot  constitute  a  true  v(^tablc  scale,  analogous  to 
the  animal;  and  the  less  because  the  gradation  is  owing  at 
least  as  much  to  the  preponderant  influence  of  external  cir- 
cumstauccs  as  to  the  characteristic  organization  of  each  ve- 
getable.   Thus,  we  have  here  no  sufficient  rational  basis  for 
&  hierarchical  comparison.     A  second  obstacle  ought  to  be 
noticed, — serious  enough,  though  of  less  imxx>rtanoe  than  the 
first; — tiiat  each  vegetable  is  usually  an  agglomeration  of 
^stiuct  and  independent  beings.    The  case  docs  not  rcscmUe 


424  MSITIVE   PHILOSOPHY. 

that  of  the  polypus  formation.  In  the  compound  structure  of 
the  lowest  animal  orders  a  scientific  definition  is  still  possible. 
There  is  a  vital  basis  common  to  all  the  animal  structures 
which  are  otherwise  independent  of  each  other :  but  in  the 
vegetable  case^  it  is  a  mere  agglomeration^  such  as  we  can 
of^n  produce  by  grafting,  and  where  the  only  common  de- 
ments are  inoi^anic  parts,  aiding  a  mechanical  consolidation. 
There  is  no  saying,  in  the  present  state  of  our  knowledge,  hov 
far  such  a  system  may  extend,  without  being  limited  by  anr 
organic  condition,  as  it  seems  to  depend  on  purely  physical 
and  chemical  conditions,  in  combination  iiith  exterior  circum* 
stances.  Faintly  marked  as  the  original  organic  diversity  is 
by  nature,  it  is  evident  how  all  rational  subordination  of  the 
vegetable  families  in  a  common  hierarchy  is  impeded  by  tlie 
ccMilescent  tendency  just  noticed. 

The  principal  division  which  is  the  starting-point  of  M. 
Jnssieu's  classification  is  the  only  beginning  of  a  true  co-ordi- 
nation in  the  vegetable  kingdom.  It  consists  in  distinguishing 
the  vegetables  by  the  presence  or  the  absence  of  semind 
leaves ;  and  when  they  are  present,  by  their  having  several  or 
only  one.  For  the  successive  passage  from  those  which  have 
several  to  those  that  have  none  may  be  regarded  as  a  conti- 
nuous descent,  like  that  of  the  biological  series,  though  le«< 
marked.  Such  a  view  has  been  verified  by  the  investigation 
of  the  oi^ans  of  nutrition,  according  to  the  discoverv  of  Des- 
fontaincs, — as  yet  the  only  eminent  example  of  a  lai^  and 
happy  application  of  comparative  anatomy  to  the  vegetable 
organism.  By  this  concurrence  of  the  two  modes  of  compa- 
rison,— of  the  reproductive  and  nutritive  arrangements, — ^thi$ 
proposition  has  taken  its  rank  among  the  most  eminent  theo- 
rems of  natural  philosophy.  But  this  beginning  of  a  hier- 
archy remains  obviously  insufficient, — ^the  numerous  families 
in  each  of  the  three  di\*isions  remaining  under  a  purely  arfai- 
traiy  arrangement,  which  we  can  hardly  hope  to  convert  into 
a  rational  one.  The  interior  distribution  of  species,  and  cstn 
of  genera,  within  each  family  must  be  radically  imperfect, 
as  the  requisite  taxonomical  principles  cannot  be  applied 
to  their  arrangement  till  the  diflScultv  of  the  co-ordination 
of  the  families,  —  a  difficulty  much  less,  but  as  vet  insur- 
mountable, —  has  been  overcome.  The  Natural  ^Icthod 
has,  therefore,  as  yet  yielded  no  other  result,  as  to  the  vege- 
table kingdom,  than  the  more  or  less  empirical  estaUishmcut 
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of  families  and  genera.    TVc  cannot  be  surprised  that  it  lias 
not  yet  excluded  the  use  of  artificial  methods,  and  above  all 
that  of  Linnieus, — ^true  as  it  is  that^  up  to  our  time,  the  co- 
ordination of  the  v^etable  kingdom  was  the  field  for  the 
application  of  the  Natural  Method.   It  should  ever  be  remem- 
bered, liowever,  that  'the  Natural  Method  is  not  merely  a 
means  of  classification,  but  an  important  system  of  real  know- 
ledge as  to  the  true  relations  of  existing  lleings :  so  that  even 
if  it  should  be  disused  for  the  purposes  of  descriptive  botany^ 
it  would  not  the  less  be  of  high  viuue  for  the  study  of  plantst^ 
the  comparative  results  of  which  would  be  fixed  and  com- 
bined by  it.     In  the  present  condition  and  prospects  of  the 
science,  as  to  the  establishment  of  a  vegetable  series,  we  must 
take  the  whole  vegetable  kingdom  together  as  the  last  term  of 
the  great  biological  scries, — as  the  last  of  the  small  number  of 
essential  modes  of  organization  which  (when  the  subdivisions 
are  disregarded)  are  markedly  separateii  firom  each  other  in 
the  classification  that  gives  us  the  logical  command  of  the 
study  of  living  beings.     Applied  first  to  the  v^etable  king- 
dom, the  natural  method  is  now  seen  to  be  the  means  by  whidi 
the  animal  realm,  the  type  of  all  our  knowledge  of  organic 
hfe,  is  to  be  perfected.     To  whatever  orders  of  phenomena 
natural  classification  is  to  be  applied,  here  its  theory  must 
first  be  studied;  and  hence  it  is  that  biological  science  bean 
so  important  a  part  in  the  advancement  of  the  whole  of  the 
positive  method.    It  is  much  that  a  considerable  progress  has 
been  made  in  ranging,  in  a  due  order  of  dignity^  the  immense 
series  of  living  beings,  from  ^lan  to  tlie  simplest  plant:  bat, 
moreover,  this  theory  of  classification  is  an  indispensable  de- 
ment of  the  whole  positive  method ;  an  element  which  could 
not  have  been  developed  in  any  other  way^  nor  evea  otherwise 
appreciated. 


426 


CHAPTER  IV. 

ORGAiaC  OB  VEQETATIVS  IJFE« 

Conciition  of  ^^  ^^^^  ^  W^  ^^  ^  dynamical  bioloCT,  which 
Domical  is  very  far  indeed  from  having  attained  the  clcar- 
Biology.  jiggg  und  certainty  of  the  statical  department  of 

the  science.  Important  as  are  t)ie  physiological  researches  of 
recent  timcs^  they  are  only  preliminary  attempts^  which  must 
be  soundly  systematized  before  they  can  constitute  a  true  dy- 
namical biology.  The  minds  which  are  devoted  to  mathemati- 
cal^ astronomical,  and  physical  studies  are  not  of  a  different 
make  from  those  of  physiologists ;  and  the  sobriety  of  the 
former  classes,  and  the  extravagance  of  the  latter,  must  ^k 
ascribed  to  the  definite  constitution  of  the  simpler  sciences 
and  the  chaotic  state  of  physiolc^.  The  melancholy  condi- 
tion of  this  last  is  doubtless  owing  in  part  to  the  vicious  edu- 
cation of  those  who  cultivate  it,  and  who  go  straight  to  the 
study  of  the  most  complex  phenomena  without  having  pre- 
pared their  understandings  by  the  practice  of  the  most  sim- 
ple and  positive  speculation:  but  I  consider  the  prevalent 
.license  as  due  yet  more  to  the  indeterminate  condition  of 
the  spirit  of  physiological  science.  In  fact,  the  two  disadvan- 
tages are  one ;  for  if  the  true  character  of  the  science  were 
established,  the  preparatory  education  would  immediately  1)e 
rectified. 

This  infantine  state  of  physiology  prescribes  the  method  of 
treating  it  here.  I  cannot  proceed,  as  in  statical  biology,  to 
an  analytical  estimate  of  established  conceptions.  I  can  only 
examine,  in  pure  physiology,  the  notions  of  method ;  that  is, 
the  mode  of  organization  of  the  researches  necessary  to  the 
ascertainment  of  the  laws  of  ntal  phenomena.  Tlie  progress 
of  biological  philosophy  depends  on  the  distinct  and  rational 
institution  of  physiological  questions,  and  not  on  attempts, 
which  must  be  premature,  to  resolve  them.  Conceptions  re- 
lating to  method  are  always  important  in  proportion  to  the 
complexity  of  the  phenomena  in  new :  therefore  arc  they  cs- 
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pcdaDy  valuable  in  the  case  of  vital  phenomena ;  and  abcrre 
all^  while  the  science  is  in  a  nascent  state. 

Though  all  vital  phenomena  are  truly  inteicon*   Vital    pbeno- 
nected/we  must,  as  usual,  decompose  them,  for  ?^?V^  tlieir 
purposes  of  speculative  Mudy,  into  those  of  groiter 
and  those  of  less  generality.    This  distinction  answers  to  Bi- 
chat's  division  into  the  organic  or  vegetative  life,  which  is  the 
common  basus  of  existence  of  all  living  bodies;  and  animal 
life^  proper  to  animals,  but  the  chief  cluuracters  of  whidi  are 
clearly  marked  only  in  the  higher  part  of  the  zoological  scale. 
But,  since  Gall's  time,  it  has  become  nccessaiy  to  add  a  third 
division, — ^the  positive  study  of  the  intellectual  and  moral 
phenomena  which  are  distinguished  from  the  preceding  by  a 
yet  more  marked  speciality,  as  the  oi^anisms  which  rank 
nearest  to  Man  are  the  onlv  ones  which  admit  of  their  direct 
exploration.    Though,  under  a  rigorous  definition,  this  last 
class  of  functions  may  doubtless  be  implicitly  included  in 
ithat  we  ca)l  the  animal  life,  yet  its  restricted  generality,  the 
dawning  positivity  of  its  systematic  study,  and  the  peculiar 
nature  of  the  higher  difficulties  that  it  offers,  all  indicate  that 
we  ought,  at  least  for  the  present,  to  regard  this  new  scientific 
theory  as  a  last  fundamental  branch  of  physiology;  in  order 
that  an  unseasonable  fusion  should  not  disguise  its  high  im- 
portance, and  alter  its  true  character.    These,  then,  are  the 
three  divisions  which  remain  for  us  to  study,  in  our  survey  of 
bioI(^cal  science. 

Before  proceeding  to  the  analysis  of  organic 
or  vegetative  life,  I  must  say  a  few  words  on  the   ^^^i^Ji?^ 
theory  of  organic  media,  without  considering 
ii'hich,  there  can  be  no  true  analysis  of  \ital  phenomena. 

This  new  element  may  be  said  to  have  been  practically  in- 
troduced into  the  science  by  that  controversy  of  Lamarck,  al- 
ready treated  of,  about  the  variation  of  animal  species  tlirough 
the  prolonged  influence  of  external  circumstances.  It  if 
our  business  here  to  exclude  from  the  researches  thus  intro- 
duced, evcr)'thiiig  but  what  concerns  physiology  propcriv  80 
called,  reduced  to  the  abstract  theory  of  the  living  organism. 
AVe  have  seen  that  the  vital  state  supposes  the  necessary  and 
permanent  concurrence  of  a  certain  aggregate  of  external  ac- 
tions with  the  action  of  the  organism  itself:  it  is  the  exact 
analysis  of  these  conditions  of  existence  Mhich  is  the  object 
of  the  preliminary  thcorj'  of  organic  media ;  and  I  think  it 
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should  be  effected  by  considering  separately  eacb  of  tbe  inn- 
damental  influences  under  which  the  genmil  phenomenon  of 
life  occurs.  It  cannot  be  necessary  to  point  out  the  import- 
ance of  the  study  of  this  half  of  the  dualism  which  is  the 
condition  of  life :  but  I  may  just  remark  on  the  evidence  it 
affords  of  the  subordination  of  the  organic  to  the  inorganic 
philosophy;  the  influence  of  the  medium  on  the  organism 
Deing  an  impracticable  study  as  long  as  the  constitution  of  the 
-medium  is  not  exacdj  known. 

The  exterior  conditions  of  the  life  of  the  or- 
Sl^ton^  ganism  are  of  two  classes, — -physical  and  chemi- 
cal ;  or,  in  other  words,  mechanical  and  molecu- 
lar.  Both  are  indispensable ;  but  the  first  may  be  considered, 
firom  their  more  rigorous  and  sensible  permanence,  the  most 
general, — if  not  as  to  the  different  organisms,  at  least  as  to 
the  continued  duration  of  each  of  them. 
M echanicnl  Tmi  in  generality  we  must  rank  the  action  of 

ooDditiont.  Weight.  There  is  no  denying  that  Man  himself 
Weight  must  obey,  whether  as  weight  or  projectile,  the 

same  mechanical  laws  that  govern  every  other  equi>*alciit 
mass :  and  by  reason  of  the  universality  of  these  laws,  weight 
participates  largely  in  the  production  of  vital  phenomena,  to 
which  it  is  sometimes  favourable,  sometimes  opposed,  and 
scarcely  ever  indifferent.  There  is  great  difficulty  in  the  ana- 
lysis of  its  effects,  because  its  influence  cannot  be  suspended 
or  much  modified  for  the  purpose ;  but  we  have  ascertained 
something  of  them,  both  in  the  normal  and  the  pathological 
states  of  the  oiganism.  In  the  lower,  the  vegetable  portion 
of  the  scale,  the  physiological  action  of  weight  is  less  varied 
but  more  preponderant,  the  vital  state  being  there  extremelT 
simple  and  least  removed  from  the  inorganic  condition.  Tl)e 
laws  and  limits  of  the  growth  of  vegetables  appear  to  depend 
essentially  on  this  influence,  as  is  proved  by  Mr.  Knight's  ex: 
periments  on  germination,  as  modified  by  a  quicker  or  slower 
motion  of  rotation.  Much  higher  organisms  are  subject  to 
analogous  conditions,  without  which  we  could  not  explain,  for 
instance,  why  the  largest  animal  masses  live  constantly  in  a 
fluid  sufficiently  dense  to  support  almost  their  whole  weight, 
and  often  to  raise  it  spontaneously.  However,  the  superior 
'  part  of  the  animal  series  is  least  fit  for  the  ascertainment  of 
the  physiological  influence  of  weight,  from  its  concurrence 
with  a  great  number  of  heterogeneous  actions :  but  tliis  again 
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enables  us  to  study  it  in  a  variety  of  vital  operations :  for 
tbere  is  scarcely  a  function,  organic,  animal,  or  even  intel- 
lectual, in  which  \re  may  not  point  out  the  indispensable  m- 
tcrvention  of  weight,  which  specially  manifests  itself  in  all 
that  relates  to  the  stagnation  or  movement  of  fluids.  It  is 
therefore  much  to  be  regretted  that  a  subject  so  extended  and 
important  has  not  been  studied  in  a  rational  spirit  and  nie- 
thod. 

Tlie  next  mechanical  condition, — ^pressure,  li« 
quid  or  gaseous, — ^is  an  indirect  consequence  of  I"^"***"**- 
weight.  Some  few  scientific  results  have  here  been  obtained, 
from  the  facility  with  which  pressure  may  be  modified  by  ar- 
tificial or  natural  circumstances.  There  are  limits  in  the  ba- 
rometrical scale,  outside  of  which  no  atmospherical  animal, — 
Man  or  any  other, — can  exist.  We  cannot  so  directly  verify 
such  a  law  in  the  case  of  aquatic  animals :  but  it  would  seem 
that  in  proportion  to  the  density  of  the  medium  must  be  the 
narrowness  of  the  vertical  limits  assignable  to  the  abode  of 
each  species.  Of  the  relation  between  these  intervals  and  the 
degree  of  organization,  it  must  be  owned,  however,  that  we 
have  no  scientific  knowledge,  our  ideas  being,  in  fiict,  wholly 
confused  as  to  the  inferior  organisms,  and  especially  in  the 
vegetable  kingdom.  Though,  through  many  difficulties  and 
complexities,  the  science  is  in  a  merely  nascent  state,  some  in- 
quiries, such  as  those  relating  to  the  influence  of  atmospheric 
pressure  on  the  venous  circulation,  and  recent  observations  on 
its  co-operation  in  the  mechanism  of  standing  and  moving, 
etc.,  show  that  biologists  are  disposed  to  study  this  order  ^ 
questions  in  a  rational  manner.  » 

Among  the  physical  conditions,  and  perhaps 
first  among  them,  the  physiological  mfluence  of  JJ^^ 
motion  and  rest  should  be  investigated.    Amidst 
the  confusion  and  obscurity  which  exist  on  this  subject,  I    « 
think  we  may  conclude  that  no  organism,  even  the  yery 
simplest,  could  live  in  a  state  of  complete  immobility.    The 
double  movement  of  the  earth,  and  especially  its  rotation, 
may  probably  be  as  necessary  to  the  development  of  life  as 
to  the  periodical  distribution*  of  heat  and  light.    Too  much 
<^,  however,  cannot  be  taken  to  avoid  confounding  tiie  mo- 
tion produced  by  the  organism  itself  with  that  by  which  it 
is  aficctcd  from  witliout ;  and  the  analysis  had  therefore  better 
^  applied  to  communicated  than  spontaneous  motion.    Anl 
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as  rotary  motion  tends,  by  the  laws  of  mechanics^  to  disor- 
ganize any  system,  and  therefore,  eminently,  to  trouble  its 
interior  phenomena,  it  is  this  kind  of  motion  which  may  be 
studied  with  the  best  result;  for  which  object  we  should  do 
well  to  investigate,  in  a  comparative  way,  the  modificationi 
undergone  by  the  principal  functions  firom  tibe  organism  beino 
made  to  rotate  in  such  a  gradual  variety  as  is  compatible 
with  a  normal  state.  The  attempt  has  as  yet  been  made  ouh 
with  plants,  and  for  another  purpose;  while,  in  the  case  d 
the  superior  animals,  induding  Man,  we  have  only  incomplete 
and  disjoint^  observations,  scaroely  transcending  mere  popiilai 
notions.  - 

After  the  mechanical  influences,  we  reach  one 
^^emologicd  ^jjj^  aflecte  structure— the  thermological  action 
of  the  medium.  It  is  the  best  known  of  all; 
for  nothing  is  plainer  than  that  life  can  exist  only  within  cer- 
tain limits  of  the  thermometrical  scale,  and  that  there  arc 
limits  affecting  ever^  family,  and  even  every  living  race;  aud 
again,  that  the  distribution  of  organisms  over  our  globe  takes 
place  in  tones  sufSciently  marked,  as  to  differences  of  heat, 
to  fiimish  thermometrical  materials  to  the  physicists,  in  a  ge- 
neral way.  But,  amidst  the  multitude  of  facts  in  our  ])os- 
session,  all  the  essential  points  of  rational  doctrine  are  still 
obscure  and  uncertain.  We  have  not  even  any  satisfactorv 
series  of  obsen*ations  about  the  thermometrical  intervals  corre- 
sponding to  the  different  organic  conditions; — ^much  less  aiu 
law  relating  to  such  a  harmony,  which  has  never,  in  fiict,  been 
connected  with  any  other  essential  biological  character.  Tliif 
great  gap  exists  as  much  with  regard  to  the  successive  states 
of  the  same  organism  as  to  the  scale  of  organisms.  The 
necessary  revision  might  be  best  appUcd  first  to  the  lowest 
states;  as  the  egg  and  the  lowest  organisms  appear  able  tc 
sustain  \ridcr  differences  of  temperature  than  tliose  of  a  hi^liei 
order :  aud  several  philosophical  biologists  have  even  believed 
that  lUc  may  have  been  always  possible  on  our  planet,  notMnth* 
standing  the  different  systems  of  temperature  through  whieli 
its  surface  has  successively  passed.  On  the  whole,  the  sun; 
of  our  analyses  may  seem  to  disclose,  amidst  many  anomalies 
a  general  law :  that  the  vital  state  is  so  subordinated  to  a  do- 
terminate  thermometrical  interval,  as  that  this  intcn-al  ix*r 
petually  diminishes  as  Ufe  becomes  more  marked, — iu  tlH 
case  both  of  the  indiridual  aud  of  the  scries.    If  even  tki 
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general  law  k  not  yet  sdcntiiieally  established^  it  may  be  si 
posed  how  ignorant  we  arc  of  the  modifications  produced 
the  organism  by  variations  of  external  temperature,  witliin  tb^ 
limits  compatible  with  life    There  has  even  been  mnch  oon* 
fusion  between  the  results  of  abrupt  and  gradual  changes  odf 
temperature,  though  experiment  has  shown  tliat  graduaticME. 
vastly  expands  the  limits  within  which  the  human  organism 
can  exist ;  and  ag^n,  between  the  influence  of  external,  and 
the  organic  production  of  vital  heat      This  last  great  error 
shows  that  even  tlie  laying  down  the  question  remains  to  be 
done.    The  same  thing  may  be  said  of  the  othor  exterior 
conditions,  such  as  light  and  electricity,  of  whidi 
aU  that  we  know  in  this  connection  is  that  they   J^^ 
ciert  a  permanent  influence  needful  for  the  pro- 
duction  and  support  of  life.    Besides  the  confusion  and  uncer- 
tainty of  our  observations,  we  have  to  contend  with  the  in- 
feriority of  our  knowledge  of  those  branches  of  physics,  and 
vrith  the  mischief  of  the  baseless  hypotheses  whidi  we  before 
nw  to  infest  the  study  of  them.     While  physicists  talk  of 
fluids  and  ethers,  avowing  that  they  do  so  in  an  artificial  sense, 
for  purposes  of  convenience,  physiologists  speak  of  them  as 
the  real  principles  of  two  orders  of  exterior  actions  indis- 
pensable to  the  vital  state.    Till  reform  becomes  substantial 
and  complete  in  the  study  of  light  and  electridtv,  these  will 
remain  the  exterior  conditions  of  vitality  of  which  our  know- 
ledge is  the  most  imperfect 

Passing  on  from  tne  physical  to  thie  chemical 
conditions  of  the  medium,  we  find  our  amount   JJ^^^SL 
of  knowledge  scarcely  more  satisfactory.  In  strict 
generality,  this  study  relates  to  the  physiological  influence  of 
air  and  water,  the  mingling  of  which,  in  various  Aj,  ^jw  ♦-. 
(i(^grces,  constitutes  the  common  medium  neces- 
sary to  vitality.     As  M.  de  Blainville  remarked,  th<^  must 
not  be  considered  separately,  as  in  a  physical  or  chenucal  in- 
quiry, but  in  that  mixture  which  varies  oidy  in  the  prop<)rtions 
of  its  elements.    This  might  be  anticipated  from  our  know- 
ledge of  the  chemical  constitution  of  li\ing  bodies,  the  essen- 
tial dements  of  which  are  found  only  in  the  combination  of 
air  and  water :  but  we  have  physiological  evidence  also,  which 
^ows  that  air  deprived  of  moisture,  and  water  not  aerated, 
ue  fatal  to  vital  existence.    In  tliis  view  there  is  no  differ- 
ence between  atmospheric  and  aquatic  beings,  animal  and  ve- 
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getable,  but  the  unequal  proportion  of  tlie  two  fluids ;  tlie  air, 
in  the  one  case,  serving  as  a  vehicle  for  vaporized  water;  and 
the  water,  in  the  other  case,  conveying  liquefied  air.  In  both 
cases,  water  furnishes  the  indispensable  basis  of  all  the  oiganic 
liquids :  and  the  air  the  essentud  elements  of  nutrition.  W'e 
know  that  the  higher  mammifera,  including  Man,  perish  when 
the  air  reaches  a  certain  degree  of  dryness,  as  fishes  do  in 
water  which  has  been  sufficiently  deprived  of  air  by  distillation. 
Between  these  extreme  terms  there  exists  a  multitude  of  in* 
termeiiaries  in  which  moister  conditions  of  air  and  more 
aerated  states  of  water  correspond  with  determinate  organisms ; 
and  the  observation  of  Man  in  the  different  hygrometrical 
states  of  atmospheres  shows  how,  in  the  individual  case,  phy- 
siological phenomena  are  modified  within  the  Umits  compa- 
tible with  the  vital  state.  If  we  may  say  that  the  question 
has  been  laid  down  in  this  inquiry,  it  is  only  in  a  vague  and 
obscure  way.  Besides  our  ignorance  of  the  varying  propor- 
tions, we  have  none  but  the  most  confused  notions  about  the 
way  in  which  each  fluid  participates  in  the  support  of  life. 
Oxygen  is  the  only  element  of  the  air  about  which  we  hare 
made  any  intelligent  inquiry,  while  physiologists  entertain  the 
most  contradictory  notions  about  asote:  and  the  uncertainty 
and  obscurity  are  still  greater  with  regard  to  water.  In  this 
state  of  in&ncy,  it  can  be  no  wonder  that  the  science  offers  a.« 
yet  no  law  as  to  the  influence  of  the  medium  on  the  organism 
— even  in  regard  to  the  question  whether  a  certain  condition 
of  existence  becomes  more  or  less  inevitable  as  the  organism 
rises  in  the  scale. 

The  study  of  the  influence  of  specifies  does 
ipe^Lnu  ^^  ^^^'^  here,  on  account,  of  course,  of  .the 

absence  of  generality;  but  it  should  be  juj^t 
pointed  out  that,  reduced  as  is  the  number  of  substances 
called  specifics,  there  arc  still  enough, — as  aliments,  medicines, 
and  poisons, — ^to  afford  a  hint  of  what  might  be  learned  hv 
an  exploration  of  them,  in  n^ard  to  the  harmony  between  the 
organic  world  and  the  inorganic.  The  very  quality  of  their 
operation,  that  it  is  special  and  discontinuous,  and  therefore 
not  indispensable,  indicates  the  experimental  method  in  thi$ 
case,  as  being  certain,  well  circumscribed,  and  very  various. 
This  study  may  then  be  regarded  as  a  needful  appendix,  com- 
pleting the  preliminary  biological  doctrine  which  I  have  calletl 
that  of  organic  media,  and  offering  resources  which  are  projier 
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to  ity  and  cannot  be  otlicnrise  obtained.  Unbappfly,  this 
complement  is  in  even  a  more  backward  state  tban  the  more 
essential  portions,  notwithstanding  the  multitude  of  obsenn- 
tions,  unconnected  and  unfinished,  already  assembled  in  thia 
path  of  research. 

If  such  is  the  state  of  preliminary  knowledge,  ' 

it  is  clear  how  little  has  yet  been  learned  of  the  S^S23kw. 
laws  of  life  themselves.  The  inquiry  has  gone 
through  revolutions,  as  other  questions  have,  before  reaching 
the  threshold  of  positinty,  in  our  day.  From  the  impulse 
given  by  Descartes,  the  illustrious  school  of  Boerhaave  aroae 
in  phjrsiology,  which  exaggerated  the  subonlination  of  bi(dogy 
to  the  simpler  parts  of  natural  philosophy  so  far  as  to  assign 
to  the  study  of  life  the  place  of  appendix  to  the  gcnerid  system 
of  inorganic  physics.  From  the  consequent  reaction  against 
this  absurdity  arose  the  theory  of  Stahl,  which  may  be  consi- 
dered the  most  scientific  formula  of  the  metaphysical  state  of 
physiolt^.  The  stru^le  has  since  lain  between  these  two 
schools, — the  strength  of  the  metaphysical  one  residing  in 
its  recognition  of  physiology  as  a  distinct  science,  and  that 
of  the  physico-chemical,  in  its  principle  of  the  dependence  of 
the  organic  on  the  inorganic  laws,  as  daily  disclosed  more 
Ailly  by  the  progress  of  science.  The  effect  of  this  im- 
proved knowledge  has  been  to  modify  the  conceptions  of  me- 
taphysical physiology:  the  formula  of  Barthes,  for  instance, 
representing  a  further  departure  from  the  theological  state 
than  that  of  Stahl;  as  Stahl's  ahready  did  than  that  of  Van 
Helmont,  though  die  same  metaphysical  entity  might  be  in 
new  when  Van  Helmont  called  i^  the  archeus,  and  Stahl  the 
md,  and  Barthez  the  vital  principle.  Stahl  instituted  a  reac- 
tion against  the  physico-chemical  exaggerations  of  Boerhaave; 
but  Barthez  established,  in  his  preliminary  discourse,  the  cha- 
racteristics of  sound  philosophizing,  and  exposed  the  neoessaiy 
fiitility  of  all  inquisition  into  causes  and  modes  of  prodncdon 
of  phenomena,  reducing  all  real  science  to  the  discovery  of 
their  laws.  For  want  of  the  requisite  practice  in  the  positive 
method,  the  scheme  of  Barthez  proved  abortive;  and,  after 
hanng  proposed  his  conception  of  a  ntal  principle  as  a  mere 
tenn  to  denote  the  unknown  cause  of  vital  phenomena,  he  was 
drawn  away  by  the  prevalent  spirit  of  his  time  to  n^ard  the 
assumed  principle  as  a  real  and  complex  existence,  though  pro- 
foundly unintelligible.    Ineffectual  as  bis  enterprise  pro^'ed,  its 
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design  vdth  regard  to  the  adTancement  of  positiTe  science 
cannot  be  mistaken.  Tlie  progressive  spirit  is  still  more 
marked  in  the  physiological  theory  of  Bichat,  though  we  find 
entities  there  too.  These  entities  however  show  a  great  ad- 
vaiice,  as  a  determinate  and  \dsible  seat  is  assigned  to  them. 
Tlie  vital  forces  of  Bichat  however  still  intervene  in  pheno- 
mcna,  like  the  old  specific  entities  introduced  into  physics  and 
chemistry^  in  their  metaphysical  period,  mider  the  name  of  fa-. 
cultics  or  occult  virtues,  which  Descartes  so  vigorously  hunted 
down,  and  Moliere  so  happily  ridiculed.  Such  is  the  character 
of  the  supposed  organic  sensibility ,  by  which,  though  a  men* 
term,  Bichat  endeavoured  to  explain  physiological  phenomena, 
which  he  thus  merely  reproduced  imder  another  name:  as 
when,  for  instance,  he  thought  he  had  accounted  for  the  suc- 
cessive flow  of  different  liquids  in  one  canal  by  saying  that  the 
organic  sensibility  of  the  canal  was  successively  in  harmony 
with  each  fluid,  and  in  antipatliy  to  the  rest.  But  for  his  un- 
timely death  however,  there  can  be  no  doubt  that  he  would 
have  issued  into  an  entire  positivity.  His  treatise  on  General 
Anatomy,  though  appearing  a  very  few  years  after  his  treati.sc 
on  Life  and  Death,  is  a  great  advance  upon  it;  and  even  iu 
the  construction  of  his  metaphysical  theory  of  vital  forces  he 
certainly  first  introduced,  under  the  title  properties  of  tissue,  a 
conception  of  the  highest  value,  destined  to  absorb  all  ontolo- 
gical  conceptions,  and  to  prepare  for  the  entire  positivity  of  the 
elementary  notions  of  physiology.  The  thing  required  is  to 
substitute  properties  for  forces ;  and  Bichat's  treatment  of 
tissue  fulfilled  this  condition  with  regard  to  a  very  extensive 
class  of  effects :  and  thus  his  theory,  while  it  amended  the 
metaphysical  doctrine  of  Stalil  and  Barthez,  opened  the  war 
to  its  entire  reformation  by  presenting  at  once  the  germ  and 
the  example  of  purely  positive  conceptions.  This  is  now  the 
state  of  physiological  pliilosophv  in  the  minds  of  the  majority 
of  students;  and  the  conflict  between  the  schools  of  Stalil 
and  Boerhaave, — ^between  the  metaphysical  and  the  physico- 
chemical  tendency, — ^remains  at  the  point  to  which  it  was 
brought  up  by  tlie  impulse  communicated  by  Bichat.  It 
would  be  hopeless  to  look  to  the  oscillations  of  this  antago- 
nism for  an  advance  in  science.  If  the  one  doctrine  prevailed, 
science  would  be  in  a  state  of  retrogression ;  if  the  other,  in  a 
state  of  dissolution ;  as  in  our  sociid  condition,  in  the  conflict 
of  the  two  jx)litical  tendencies,  the  retrograde  and  the  rcvolu- 
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tkmary.  The  progress  of  physiolc^  depends  on  the  growih 
of  positive  elementary  conceptions,  such  as  will  remand  to  the 
domain  of  history  the  controversy  from  which  nothing  more 
18  to  be  expected.  Abundant  promise  of  such  an  issue  now 
appears:  the  two  schools  have  annulled  each  other;  and  the 
natural  development  of  the  science  has  furnished  means  for 
its  complete  institution  to  be  begun.  This  I  look  upon  as  the 
proper  task  of  the  existing  generation  of  scientific  men,  who 
need  only  a  better  training  to  make  them  adequate  to  it.  I^ 
from  its  complexity,  physiology  has  been  later  than  other 
sciences  in  its  rational  K>rmation,  it  may  reach  its  maturity 
more  rapidly  from  the  ground  having  been  cleared  by  the  pur- 
suit of  the  anterior  sciences.  Many  delays  were  occasioned 
in  their  case  by  transitory  phases  which  were  not  understood 
in  the  earlier  days  of  positivity,  and  which  need  nevet  again 
arrest  experienced  investigation.  It  may  be  hoped  that  phy- 
siologists will  spare  their  science  the  useless  and  humbling 
delay  in  the  region  of  metaphysical  hypothesis  which  long 
embarrassed  the  progress  of  phyacs. 

-The  true  philosophical  character  of  physiology  Ftiflotophkal 
consists,  as  we  have  seen,  in  establishing  an  exact  chancter  c£ 
and  constant  harmony  between  the  statical  and  Pty«o>«or- 
the  dynamical  points  of  view, — between  the  ideas  of  organi- 
zation and  of  liife, — ^between  the  notion  of  the  agent  and  that 
of  the  act ;  and  hence  arises  the  obligation  to  reduce  all  abstract 
conceptions  of  physiological  properties  to  the  consideration  of 
elementary  and  general  phenomena,  each  of  which  conveys 
the  idea  of  a  determinate  scat.  In  other  words,  the  reduction 
ct  functions  to  corresponding  properties  must  be  rc^rded  as 
the  simple  consequence  of  decompounding  the  general  life  into 
the  different  functions, — discarding  all  notions  about  causes, 
and  inquiring  only  into  laws.  Bichat's  conception  of  the  pro- 
perties of  tissue  contains  the  first  germ  of  this  renovated  view ; 
htit  it  only  indicates  the  nature  of  the  philosophical  opera- 
tion, and  contains  no  solution  of  the  proolem.  Not  only  is 
there  a  secondary  confusion  between  the  properties  of  tissue 
vai  simple  physical  properties,  but  the  principle  of  the  con- 
ception is  vitiated  by  the  irrational  distinction  between  the 
properties  of  tissue  and  vital  properties ;  for  no  property  can 
be  admitted  in  physiology  without  its  being  at  once  vital  and 
belonging  to  tissue.  In  endeavouring  to  harmonize  the  difle- 
rent  decrees  of  physiological  and  of  anatomical  analysis^  we 
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may  lay  down  the  philosophical  principle  that  the  idea  of 
property  which  indicates  the  last  term  of  the  one  mnst  corre- 
spond with  tissue,  which  is  the  extreme  term  of  the  other; 
whilst  the  idea  o{  function,  on  the  other  hand,  corresponds  to 
that  of  organ:  so  that  the  successive  ideas  of  function  and  of 
property  present  a  gradation  of  thoughts  similar  to  that  which 
exists  between  the  ideas  of  organ  and  of  tissue,  except  that 
the  one  relates  to  the  act  and  the  other  to  the*' agent.  This 
relation  appears  to  me  to  constitute  an  incontestable  and  im- 
portant rule  in  biolc^cal  phflosophy ;  and  on  it  we  may  esta- 
blish the  first  great  division  among  physiological 
SertuSy?'  properties.  We  have  seen  how  in  anatomy  there 
IS  a  division  between  the  fundamental,  generating 
tissue,  the  cellular,  and  the  secondary  tissues  which  result  from 
the  combination  of  certain  substances  with  this  original  web; 
and  in  the  same  way  must  physiological  properties  be  dindcd 
into  two  groups, — ^the  one  comprising  the  general  properties 
which  belong  to  aU  the  tissues,  and  which  constitute  the  proper 
life  of  the  ccUidar  tissue;  and  the  other,  the  special  properties 
which  characterize  its  most  marked  modifications, — that  is, 
the  muscular  and  nervous  tissues.  Tliis  division,  indicated 
by  anatomy,  strikingly  agrees  with  the  great  physiological  di^ 
tinction  between  the  oi^nic  or  vegetative  and  the  animal 
life ;  as  the  first  order  of  properties  must  afford  the  basis  of 
that  general  life,  common  to  all  organized  beings,  to  whieh 
vegetable  existence  is  reduced ;  while  the  second  relates  exclu- 
sively to  the  special  life  of  animated  beings.  Such  a  corre- 
spondence at  once  makes  the  principle  more  unquestionable, 
and  facilitates  the  application  of  the  rule. 

If  we  look  at  what  has  been  done,  towards  the  construction 
of  this  fundamental  theory,  we  shall  find  that  it  is  fairly  ac- 
complished with  regard  to  the  secondarv,  or  animal  tissues,— 
aU  the  general  phenomena  of  animal  life  being  unanimously 
connected  with  irritability  and  sensibility, — these  being  consi- 
dered as  attributes  each  of  a  definite  tissue :  and  thus,  the 
most  marked  case  is  the  best  miderstood.  But  the  other 
dirision, — the  properties  which  are  wholly  general,  belonging? 
to  the  universal  life,  are  for  more  important,  as  underlying  the 
others;  and  an  extreme  confiision  and  divergence  exist  ^ith 
reganl  to  them.  No  dear  and  satisfactorv  conception  of  the 
second  class  can  be  formed  while  the  first  is  left  in  obscurity ; 
and  thus,  the  science  remains  in  a  purely  provisional  state,— 
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its  devdopment  having  taken  place  in  an  order  inrcrae  to  that 
vhich  its  nature  requires. 

The  functions  which  bdong  to  the  vegetative   Two  luncsticMw 
life  are  two, — ^thc  antagonism  of  which  oorre-   of  theoi^ 
sponds  to  the  definition  of  life  itself:  first,  the   «■"*'  *"^ 
interior  absorption  of  nutritive  materials  from  the  surround- 
ing medium;  whence  results,  after  thdr  assimilation,   final 
nutrition ;  and  secondly,  the  exhdUUion  of  moleculesi,  whidi 
then  become  foreign  Ixxlies,  to  be  parted  with,  or  disassa- 
milated,  as  nutrition  proceeds.     It  appears  to  be  an  error  to 
make  digestion  and  circulation  characteristics  of  animality; 
as  we  certainly  find  them  here  in  the  fundamental  senae  of 
both.     Digestion  is  properly  a  preparation  of  aliment  for  assi- 
milation; and  this  takes  place  in  a  simple  and  almost  un- 
varied manner  in  vegetable  oi^anisms :  and  circulation,  though 
nothing  like  what  it  is  in  animals,  where  there  is  a  central 
organ  to  eficct  it,  is  not  less  essential  in  vegetative  life, — the 
lowest  organism  showing  the  continual  motion  of  a  fluid 
holding  in  suspension  or  dissolved,  matters  absorbed  or  thrown 
out;  and  this  perpetual  oscillation,  which  does  not  require  a 
system  of  vessds  to  itself,  but  may  take  place  through  the  cel- 
lular tissue,  is  equally  indispensable  to  animal  and  vegetable 
existence.   These,  then,  are  the  two  great  vi^tative  processes, 
performed  by  properties  which  are  provisionally  supposed 
(after  the  analysis  of  M.  de  Blain>'ille,  which  is  open  to  some 
objections)  to  be  tiiree, — ^hygromctricity,  capillarity,  and  re- 
tractility.    This  analysis  shows  clearly  Uiat  the  actions  which 
constitute  vegetable  life  are  simple  physico-chemical  pheno- 
mena; physiod  as  to  tlie  motion  of  the  molecules  inwards 
and  outwards;  and  chemical  in  what  relates  to  the  suooes- 
sive  modifications  of  these  different  substances.      Under  the 
first  aspect,  they  depend  on  the  properties,  hygrometrical, 
capillary,  and  retractUe,  of  the  cellular  tissue :  under  the  se- 
cond, and  much  more  obscure  at  present,  they  relate  to  the 
molecular  action  which  its  composition  admits.     l%is  is  the 
spirit  in  which  the  analysis  of  oi*ganic  phenomena  should  be 
instituted;  whereas  that  of  animal  phenomena  should  be  re< 
garded  from  a  wholly  different  point  of  view,  as  we  shall  see 
hereafter. 

The  study  of  this  vegetative  life  is  not  even  yet  rationally 
organized.  We  have  seen  that,  in  the  anatomical  view,  (he 
vegetable  kingdom  is  regarded  as  the  last  term  of  an  unique 
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Bcriesy — ^tlic  various  degrees  of  which  differ^  for  the  most  part, 
more  widely  from  each  other  than  any  one  of  them  from  this 
extreme  term.  The  same  conception  should  direct  physiolo- 
gical  speculations  on  the  organic  life,  analysed  uniformly  for 
all  living  beings :  but  this  has  not  hitherto  been  even  attempted. 
Till  it  is  accomplished,  no  essential  point  of  physiological  doc- 
trine can  be  established,  however  able  may  oe  the  investiga* 
tions  carried  on,  and  howe%'cr  valuable  the  materials  supplied. 
\  It  may  be  alleged  that  the  phenomena  relating  to  gen^til  life 

may  be  studied  in  the  broadest  simplicity  in  vegetable  organ- 
isms :  but  it  is  no  more  posrible  in  physiology  than  in  ana- 
tomy to  interpret  the  extreme  cases  in  the  scale  by  each  other 
without  haling  passed  through  the  intermediate  decrees :  and 
the  dynamical  case  is  the  more  difficult  of  the  (wo :  so  that 
the  isolated  study  of  the  organic  life  in  vegetables  cannot 
illustrate  that  of  the  higher  order  of  animals.  And  one 
natural  consequence  of  this  irrational  isolation  of  the  vege- 
table c^  is  that  chemists  and  physicists  have  engrossed  re- 
searches which  properly  belong  to  biologists  alone.  The  com- 
parative method,  which  we  have  seen  to  be  the  characteristic 
resource  of  biological  philosophy,  has  not  as  yet  been  duly  in- 
troduced into  the  general  study  of  organic  life,  though  it  is  at 
once  more  indispensable,  and  more  completely  applicable  than 
in  the  case  of  animal  life.  If  it  were  consistent  nith  the 
character  of  this  Work,  we  could  point  out  gaps  at  almost 
every  step,  and  al)out  the  simplest  phenomena,  which  must 
shock  any  inquiring  mind : — the  darkness,  doubts,  and  differ- 
1  euoes  about  digestion;  and  again  about  gaseous  digestion,  or 

respiration;  —  in  regard  to  which  the  most  contradictoiy 
opinions  are  held : — divei^nccs  about  the  simplest  prelimi- 
nary phenomena  of  vegetative  life,  which  show  how  much  has 
to  be  done  before  we  can  undertake  any  direct  investigation 
into  the  phenomena  of  assimilation  and  the  converse  process. 
We  shall  find  ourselves  e\en  further  from  satis- 

oi^kaVtion  ^*^^*^^  ^^  ^^  *^™  fro"*  *<^  consideration  of  tlic 
^  •  jif„cthfi9  of  organic  life  to  those  more  compound 

phenomena  which  are  usually  confounded  with  them,  bnt 
which  ^I.  de  Blaimille  has  taught  us  to  distinguish  as  restiltf 
irom  the  action  of,  not  one  organ  or  set  of  organs,  as  in  the 
case  of  function,  but  of  the  simultaneous  action  of  all  the 
State  of  prindiMil  organs.    Of  these  results,  the  most  im- 

conii)o«itiaii      mediate  and  necessary  is  the  continuous  state  of 


VITAL  HEAT.  439 


composition  and  decomposition  which  character-   ^and&t 
izes  the  vegetative  life.    Ignorant  as  we  are  of  P**'*'**^ 
assimilation  and  secretion^  the  very  questions  cannot  have  been 
as  yet  suitably  laid  down.    No  one  has  thought,  for  instancey 
of  instituting  an  exact  chemical  comparison  between  the  total 
composition  of  each  oi^anism  and  the  corresponding  system  of 
alimentation:  nor,  conversely,  between  the  exhaled  products 
and  the  whole  of  the  agents  which  had  supplied  or  modified 
them ;  so  that  we  can  give  no  precise  scientific  account  of  the 
general  phenomenon  of  the  composition  and  decomposition  of 
every  organism  as  a  necessary  consequence  of  the  concurrence 
of  the  (Uflcrent  functions.    We  have  at  present  only  incom- 
plete and  disjointed  materials^  wliich  have  never  been  refienred 
to  any  general  fact 

It  is  acknowledged  now  that  all  oiganisms 
have,  more  or  less,  the  character  which  used  to  ^*^  ^**^ 
be  ascribed  to  only  the  highest,  of  sustaining  a  determinate 
temperature,  notwithstanding  variations  of  heat  in  their  envi- 
ronment ;  and  this  is  a  second  result  of  the  whole  of  the  vege- 
tative functions,  which  almost  always  co-eidsts  with  the  fint. 
But  this  important  study  is  not  only  in  a  backward  state,  but 
ill-conceived.     Besides  the  error  before  noticed,  of  confound- 
ing vital  heat  xnih  the  temperature  of  the  medium,  the  funda- 
mental character  of  the  phenomenon  appears  to  me  to  have 
been  misconceived.    Its  modification  by  the  animal  functions 
can  never  be  imderstood  till  it  has  been  studied  in  its  primi- 
tive universal  manifestation  in  all  living  bodies,  each  of  wliich 
represents  a  chemical  centre,  able  to  maintain  its  temperature 
against  external  influences,  within  certain  limits,  as  a  neces- 
sary consequence  of  the  phenomena  of  composition  and  de- 
composition.   This  is  doubticss  the  point  of  view  from  whidi 
the  positive  study  of  vital  heat  must  be  regarded;  and  to  con- 
sider it  under  the  modifications  of  animal  life,  is  to  place  the 
accessory  before  the  principal,  and  to  propose  views  which  are 
merely  provisional,  if  not  erroneous.    In  the  most  recent 
)rorks  upon  this  leading  subject,  the  organic  foundations  are, 
it  is  true,  more  carefully  considered:  but  the  investigation 
cannot  be  said  to  be  duly  instituted  as  long  as  the  vegetable 
organism  is  not  rcgidarly  introduced  into  it 

These  remarks  are  even  more  applicable  to  the 
electrical  study  of  linng  bodies.     Here  we  find   '^^ 
again,  and  with  a^ravation,  the  confusion  be- 
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tween  organic  action  and  external  influence,  as  well  as  the 
aberrations  remarked  on  in  ph^cs  about  ethers  and  electric 
fluids.  Here,  too,  we  meet  with  the  error  observed  upon  in 
the  last  case,  about  the  physiological  origin  of  the  phenome- 
non. And  here,  again,  we  are  1x>und  to  conclude  that  a  per- 
manent  electrization  is  ascribable  to  acts  of  composition  and 
decomposition,  notwithstanding  the  electrical  variations  of 
the  medium.  And  again  we  find  that  the  animal  functions 
can  only  modify,  by  aa»lerating  or  augmenting,  more  or  less, 
the  fundamental  phenomenon.  But  me  electrical  analysis  of 
the  organism  is  yet  further  than  the  thermological  from  being 
conceived  of  and  pursued  in  a  rational  view. 

Next  follow  the  general  phenomena  which  result  in  a  less 
direct  and  necessary  manner  from  the  whole  of  the  vegetative 
functions : — ^the  production  and  development  of  living  bodies. 
Production  Notwithstanding  the  original  investigations  of 

and  derelop-  HsTvey  and  of  Hallcr,  with  r^ard  to  the  supe- 
ment  of  living  rioT  animals,  this  investigation  may  be  consi- 
^^^^^^  dcrcd,  owing  to  its  complexity,  to  be  more  in 

the  rear  of  a  positive  institution  than  any  of  the  preceding. 
The  tendency  to  search  for  causes  and  modes  of  production 
of  phenomena,  instead  of  for  their  laws,  has  acted  with  fatal 
effect  here;  and,  amidst  every  kind  of  deficiency,  the  main 
cause  of  the  obscurity  of  the  case  is,  undoubtedly,  that  stu- 
dents have  occupied  themselves  in  looking  for  what  camiot 
be  found.  However,  the  labours  of  anatomists  and  zoologists 
have  endently  prepared  the  way  for  a  more  rational  studv. 
It  is  even  wortiiy  of  remark  that  some  students  who  were 
most  bent  on  the  search  into  causes  have  been  led  on  by  the 
spread  of  the  positive  spirit,  to  spend  their  efforts  on  inquiries 
into  ovology  and  embryology,  which  are  assuming  a  more 
scientific  character  every  day.  Still,  the  prdiminair  requisite 
for  the  formation  of  doctrine, — a  fundamental  analysis, — re- 
mains unfulfilled;  and  the  ascertainment  of  the  laws  of  pro- 
duction and  development  is  not,  therefore,  to  be  attempted  at 
present.  In  the  lowest  departments  of  the  scale,  the  multi- 
plication of  organisms  takes  place  by  a  simple  prolongation  of 
any  part  of  the  parent  mass,  which  is  almost  nomogcueous; 
and  in  this  extreme  case,  we  understand  the  phenomenon  to 
be  analogous  to  every  other  kind  of  reproduction  of  the  nrimi- 
tive  cclhdar  tissue.  In  the  higher  degrees  of  the  sciue,  ^ve 
are  in  the  dark  from  the  moment  we  depart  from  immediate 
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obsciration ;  and  vrhen  the  simplest  previsions  are  so  radicalljr 
uncertain  and  even  erroneous  as  in  this  case,  the  scienec  raay^ 
be  pronounced  to  be  in  a  state  of  infancy,  notirithstaudiLi^  -ibe 
imposing  appearance  of  the  mass  of  works  accumulated  tk^r  its 
illustration. 

The  comparative  method  has  been  applied  in  a  yet  raooie 
incomplete  vay  to  the  phenomena  of  organic  development 
The  question  has  never  yet  been  laid  down  under  a  form  coxd* 
mon  to  aU  organisms,  including  the  vegetable.    The  gr&ire 
error  is  still  committed  of  studying  the  development. in  tbe 
animal  cases  alone ;  so  that  the  most  eminently  animal  of  the 
systems,  the  nervous,  is  represented  as  the  first  to  appear  in. 
the  embryo  of  the  higher  orders, — a  supposition  adverse  to  tCe 
institution  of  any  really  general  conception  of  the  theory  of 
development,  and  in  direct  opposition  to  one  of  the  most  con- 
stant laws  of  biological  philosophy, — ^the  perpetual  accordaiu^e 
between  the  chief  phases  of  the  indi\idtud  evolution  and  the 
most  marked  successive  degrees  of  the  organic  hierarchy ;  for 
in  this  last  A*iew  the  ner^'ous  tissue  is  seen  to  be  the  latest  and 
most  special  transformation  of  the  primiti%*e  tissue.    The  pre- 
liminary analysis  of  organic  development  is,  then,  still  tar 
from  being  conceived  of  in  a  rational  spirit,  governed  by  tlie 
high  philosophical  intention  of  reconciling,  as  much  as  possi- 
ble, the  various  essential  aspects  of  the  science  of  living  bodies. 

To  be  complete,  this  ansdysis  should  evidently  . 
be  followed  by  the  inverse,'  and  yet  correlative  ^^Sko*  *^ 
study  of  the  decline  of  the  organism,  fipom  its 
matiurity  to  its  death.  The  general  theory  of  death  is  cer- 
tainly in  a  very  backward  state,  since  the  aolest  physiological 
researches  on  this  subject  have  usually  related  to  violent  or 
accidental  death;  considered,  too,  in  the  highest  organisms 
exclusively,  and  aflecting  fimctions  and  systems  of  organs  of 
an  essentially  animal  nature.  As  for  the  deterioration  of  the 
organic  life,  we  have  yet  attained  to  only  one  initiatory  phi- 
losophical glimpse,  which  exhibits  it  as  a  necessary  conse- 
quence of  life  itself,  by  the  growing  predominance  of  the 
movement  of  exhalation  over  that  of  absorption,  whence 
results  gradually  an  exaggerated  consolidation  of  the  oi^an- 
ism  which  was  originally  almost  fluid,  a  process  which,  in  the 
absence  of  more  rapid  influences,  tends  to  produce  a  state  of 
desiccation  iucoraiiatiblc  with  all  vital  phenomena.  Valuable, 
however,  as  is  such  a  glimpse,  it  scn'cs  only  to  characterize 
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the  true  nature  of  the  question^  by  indicating  the  general 
direction  of  the  researdies  \rhich  it  requires,  ^e  important 
considerations  relative  to  animal  life  could  not  be  rationally 
introduced  into  such  a  subject  till  this  preliminary  doctrine 
shall  have  been  established ;  as  in  regard  to  all  the  other  points 
of  view  before  examined. 

Summary  as  this  re%iew  has  been,  ire  have  seen  enough  to 
be  authorized  to  conclude  that  the  backward  state  of  physio- 
logical science  is  owing  mainly  to  the  vicious  trainmg  of-  phy- 
Biologists,  and  the  irrational  institution  of  their  habitiud 
labours.  The  circulation  of  the  blood,  the  first  general  fact 
which  gave  birth  to  positive  physiology ;  and  the  laws  of  the 
faU  of  bodies,  the  first  acquisition  of  sound  physics,  are  dis- 
coveries almost  absolutely  contemporaneous ;  and  yet,  what  an 
immense  inequality  there  is  now  in  the  progress  of  two  sciences 
setting  out  from  so  similar  a  disclosure !  Such  a  difiercnce 
cannot  be  attributed  wholly  to  the  greater  complexi^  of  phy- 
siological phenomena,  and  must  have  depended  much  also  on 
the  scientific  spirit  which  directed  their  general  study,  to  the 
le\'el  of  which  the  greater  number  of  those  who  cultivate  it 
have  been  unable  to  rise.  The  phenomena  of  the  vegetative 
life  obviously  require,  both  for  their  analysis  and  their  expla- 
nation, an  iutimate  combination  of  the  leading  notions  of  in- 
organic philosophy  with  physiological  considerations,  obtained 
through  a  thorough  familiarity  with  the  preliminarv  laws 
relating  to  the  structure  and  classification  of  living  \x)dics. 
Now,  each  of  these  inseparable  conditions  is,  in  our  day,  the 
separate  property  of  a  particular  order  of  positive  investiga- 
tors. Hence  we  have,  on  the  one  hand,  the  supposed  organic 
chemistry,  a  liastard  study,  which  is  only  a  rough  first  sketch 
of  vegetable  physiology,  undertaken  by  inquirers  who  know 
nothing  of  the  true  subject  of  their  labours:  and,  on  the 
other  hand,  vague,  hioohcrcnt,  and  partly  metaphysical  doc- 
trines, of  which  physiology  has  been  chiefly  constituted  by 
minds  almost  entirely  destitute  of  the  most  indispensable 
preliminary  ideas.  TIic  barren  anarchy  which  has  resulted 
from  so  \icious  an  oi'ganization  of  scientific  labour  would  be 
enough  of  itself  to  testify  to  the  direct  utility  of  the  general^ 
and  yet  ix)sitivc  ix>iut  of  view  which  characterixes  the  fore- 
going survey* 
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THB  ASnSAL  LIFB. 

It  was  only  by  a  late  and  loug-picpared  effort  that  the  human 
mind  could  attain  that  state  of  abstraction  and  physiological 
generality  necessary  for  the  comprehension  of  all  vital  bemgB^ 
—from  Man  to  the  vegetable, — as  one  series.    It  is  only  in 
our  own  day  that  a  point  of  view  so  new  and  so  difficult  has 
been  established ;  and  as  yet,  among  only  the  most  advanced 
minds,  evea  as  regards  the  simplest  general  aspects  of  biology, 
—in  the  statical  study  of  the  organism.    It  is  not  at  all  sur- 
prising that  physiological  comparison  should  have  been  first 
applied  to  the  animal  functions,  because  they  first  suggest  its 
importance  and  possibility,  however  clearly  it  may  afterwards 
appear  that  the  organic  Ufe  at  once  requires  and  admits  a 
larger  and  more  indispensable  application  of  the  comparative 
method.    Looking  more  closely,  however,  into  this  evident 
existing  superiority  of  animal  over  organic  physiolc^,  we 
must  bear  in  mind  the  distinction  between  the  two  dementary 
aspects  of  every  positive  study, — ^the  analysis  of  phenomena 
and  their  explanation.    It  is  only  with  regard  to  the  first  that 
the  animal  life  has  been  in  reality  better  explored  than  the 
organic.    It  is  not  possible  that  the  explanation  of  the  most 
special  and  complex  phenomena  should  be  more  advanced 
than  that  of  the  most  simple  and  general,  which  serve  as  a 
basis  to  the  others.     Such  a  state  of  the  science  would  be 
in  opposition  to  all  the  established  laws  of  the  human  mind. 
However  imperfect  the  theory  of  organic  phenomena  still 
is,  it  is  unquestionably  conoei%'ed  in  a  more  scientific  spirit 
than  we  find  in  any  explanations  of  animal  physiology.    We 
have  seen  that  the  vegetative  phenomena  approach  most  nearly 
to  the  inorganic ;  and  that  the  school  of  Boeihaave  sinned 
only  in  exaggeration,  proceeding  from  insufficient   Tnu^itioii 
knowledge ;  and  it  must  be  by  this  time  e>'ident   from  tlie  ta- 
that  this  is  the  link  between  the  inorganic  and   <>^^  to  the 
the  biological  philosophy,  hy  which  we  are  ena- 
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bled  to  regard  the  whole  of  natural  philosophy  as  forming  a 
homogeneous  and  eontiuuous  body  of  doetrine.  By  a  natural 
consequence,  a  wholly  different  view  must  be  taken  of  the 
rational  theories  of  animal  life :  that  is,  of  the  phenomena  of 
irritability  and  sensibility,  whieh  offer  no  basis  of  analogy 
with  inorganic  phenomena.  With  regard  to  sensibility,  no 
one  will  question  this :  and,  as  to  irritalnlity, — though  oou- 
traetion  may  be  seen  as  a  movement  occasioned  by  heat,  and, 
yet  more,  by  electricity,  these  phenomena  must  bo  carefully 
separated  from  the  contractile  eflSect  of  the  irritable  fibre 
wliich  is  a  product  of  the  nen*ous  action ;  and  especially  when 
it  is  voluntary.  Irritability  is  as  radically  foreign  to  the  in- 
organic worla  as  sensibiliW ;  with  which,  too,  it  is  inseparably 
PrimitiT^  connected.  Tliis  double  property  is,  then,  strictly 

nciToui  pro-  primitive  in  the  secondary  tissues,  and  dierefore 
P«rti«.  no  more  a  subject  of  explanation  than  weight, 

heat,  or  any  other  fundamental  physical  property.  Whenever 
we  have  a  true  theory  of  animal  life,  it  wiU  be  by  comparing 
all  the  general  phenomena  which  arc  connected  nitn  this 
double  property,  according  to  their  preparatory  analysis,  in 
order  to  discover  their  laws ;  that  is,  as  in  aU  other  cases, 
their  constant  relations,  both  of  succession  and  similitude. 
This  will  be  done  in  order  to  the  usual  end  of  obtaining  a 
rational  prension ;  the  subject  here  beine  the  mode  of  action 
of  a  given  animal  organism,  placed  in  determinate  circum- 
stances; or,  reciprocally,  the  animal  arrangement  that  may 
be  induced  by  any  given  act  of  animality.  All  attempts  to 
explore  the  nature  of  sensibility  and  irritability  are  mere 
hindninces  in  the  way  of  tliis  final  aim,  by  drawing  off  our 
attention  from  the  laws  of  animality  in  a  vain  search  after 
what  can  never  be  found. 

Bolation  of  ^^  *"*®  relation  of  the  animal  to  the  organic 

tlic  animal  to  lifc  must  throughout  be  carefully  kept  in  mind, 
the  organic  Tliis  relation  is  double.  The  oi^anic  life  first 
^^'  serves  as  the  basis  of  the  animal;  and  then  as 

its  general  end  and  object.  We  liave  dwelt  enough  on  the 
first,  if  even  any  one  would  tliink  of  contesting  that,  in  onlcr 
to  move  and  feel,  the  animal  must  first  live ;  and  tliat  the 
fundamental  vegetative  life  coidd  not  cca«e  %vithout  extinguish- 
ing the  other.  As  for  the  second  relation,  it  is  endent  that 
the  phenomena  of  irritability  and  sensibility  are  directed  by 
the  general  needs  of  the  oi^nic  life,  which  they  ser\'e  by 
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procuring  better  materials,  and  by  {guarding  against  unfavour- 
able influences.    Even  the  intellectual  and  moral  functions 
have  usually  no  other  primitive  office.    AVitbout  such  a  dcsti- 
iiation,  these  properties  would  either  destroy  the  organism  or 
themselves  pensh.    It  is  only  in  tbe  human  species,  and  even 
there  onl^  under  a  bigh  degree  of  civilization,  that  any  kind 
of  inversion  of  this  order  can  be  conceived  of.     In  that  case, 
the  vegetative  life  is  csscntiallv  subordinated  to  the  animal, 
the  development  of  which  it  is  alone  destined  to  aid;  and 
this,  it  seems  to  me,  is  the  noblest  scientific  notion  that  we 
can  form  of  humanity,  distinct  from  animality : — a  transfor- 
mation which  can  be  safely  considered  as  possible  only  by 
transferring  to  the  whole  species,  or  at  least  to  society,  the 
primitive  end  which,  in  the  case  of  animals,  is  limited  to  the 
individual,  or,  at  the  utmost,  to  the  family,  as  we  shall  see 
hereafter.     It  is  only  among  a  small  number  of  men,  and  it  is 
very  far  indeed  from  being  a  just  matter  of  expectation  fix>m 
the  whole  species,  that  the  intellect  can  acquire  such  a  prepon- 
derance in  the  whole  of  the  organism  as  to  become  the  end  and 
object  of  human  existence.    An  exception  so  special,  and  so 
easy  to  explain  in  the  case  of  Alan,  cannot  alter  the  univer- 
sality of  a  consideration  verified  by  the  whole  animal  king- 
dom, wherein  the  animal  life  is  seen  to  be  always  destined  to 
perfect  the  organic.     It  is  only  by  a  scientific  abstraction, 
necessary  for  purposes  of  progress,  that  we  can  provisionally 
concdve  of  the  first  as  isolated  from  the  seeond,  which  is, 
strictly  speaking,  inseparable  from  it  under  the  double  aspect 
just  exhibited.     Thus,  as  the  positive  theory  of  animality 
must  continually  rest  on  that  of  general  vitahty,  it  is  indis- 
solubly  combined  with  the  whole  of  inoiganic 
philosophy,  which  furnishes  the  basis  of  organic   ^jJ^^^^J*^ 
physiology.     In  a  secondary  sense,  the  same  de-   ^       ^^* 
pcndcnce  exists.    We  admitted,  while  reviewing  mathematical 
philosophy,  that  the  laws  of  equilibrium  and  motion  operate 
among  all  orders  of  phenomena,  being  absolutely  universal 
Among  physiological  phenomena  we  find  them  accordingly; 
and,  when  ^contraction  is  produced  by  tlie  irritability  of  the 
muscular  fibre,  all  the  phenomena  of  animal  mechanics  which 
result,  whether  for  rest  or  locomotion,  are  dependent  on  the 
general  laws  of  mechanics.     In  an  inverse  way  the  same 
thing  takes  place  with  regard  to  the  functions  of  sensibility, 
iu  which  the  inorganic  philosophy  must  intcn'cnc  in  conneo- 
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tion  \nth  the  primitive  impression  on  the  sentient  extremities, 
carefully  distinguished  from  its  transmission  by  the  nervous 
filament,  and  its  perception  by  the  terebral  oi^an.  This  im- 
pression acts  through  an  intermediate  physical  apparatus, 
optical,  acoustic,  or  other,  the  study  of  i¥luch  according  to 
appropriate  physical  laws,  constitutes  a  chief  element  of  the 
positive  analysis  of  the  phenomenon.  Not  only  must  we  use 
t  the  knowlec^  already  established,  but  we  want,  for  our  ana- 

lysis, further  progress  in  it,  and  even  the  creation  of  new 
doctrines,  as  the  theory  of  flavours,  and  yet  more  of  odours, 
in  regard  to  the  mode  of  propagationof  which  there  are  doubt- 
less several  general  laws,  of  a  purely  inorganic  diaracter,  re- 
maining to  1^  established.  In  investigating  these  connections 
between  biology  and  inorganic  science,  we  find  anin  what  we 
saw  before,  that  chemistry  is  spontaneously  related  to  vegetable 
phvsiology,  and  physiqs  especially  to  animid  physiology;  though 
neither  could  be  altogether  dispensed  with  in  either  depart- 
ment, where  they  are  required,  more  or  less,  in  combination. 

Our  ideas  of  the  double  property  of  irritabilitr 
2JS^*^  ^  and  sensibility  cannot  be  truly  scientific  tiU  each 
is  irreversibly  assigned  to  a  corresponding  tissue. 
Bichat  conceived  of  all  tissues  as  necessarily  sensitive  and 
irritable,  but  in  different  degrees ; — an  error  which  was  natural 
or  inevitable  at  a  time  when  so  little  was  known  of  tissue  in 
the  way  of  anatomical  analysb,  but  one  which,  if  maintained 
now,  would  hand  over  the  whole  science  to  the  physico-die- 
mical  school,  and  efface  all  real  distinction  between  the  inor- 
ganic and  organic  departments  of  natural  philosophy.  Rational 
biology  requires  that  tlie  two  properties  diould  be  inherent  in 
determinate  tissues, — themselves  modifications,  profound  and 
distinctly  marked,  of  the  primitive  cellular  tissue, — that  our 
anatomical  data  may  be  in  harmony  with  the  physiological ;  in 
other  words,  that  the  elementary  ideas  of  tissue  and  of  property 
should  be  in  perfect  correspondence.  The  scientific  character 
of  physiology  in  this  direction  is  essentially  defective  among 
biologists  in  general.  But  the  new  explomtions  coutinuallr 
g^^^jj.^  made  show  us  how  it  was  that  Bichat  was  misled. 

^'  He  considered  it  proved  that  sensibility  existed 
where  there  were  no  nen'cs :  but  further  investigation  proves 
that  the  symptoms  of  sensibility  were  erroncoudy  attributed 
to  an  organ  deprived  of  nen'cs,  instead  of  being  referred  to  the 
simultaneous  injury  of  neighbouring  nerves;  or  that  the  ncr- 
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vons  tissue  existed^  thongli  it  was  difficult  to  find.  If 
apparently  contradictory  still  remain,  it  would  be  obviously 
aosurd  to  reject  on  their  account  a  conception  required  by  the 
principles  of  rational  physiology,  and  founded  on  unques- 
tionable cases,  by  fSeor  more  numerous  and  decisive  than  diose 
which  still  seem  to  be  exceptional.  This  consideration  should 
be  applied  to  different  organisms,  as  well  as  to  the  different 
tissues  of  the  human  organism.  The  animals  supposed  to  be 
irithout  nerves,  on  which  the  me:taphysical  school  has  insisted 
80  much,  disappear  as  comparative  anatomy  enables  us  to  ge- 
neralize more  and  more  the  idea  of  nen'ous  tissue,  and  to  de- 
tect it  in  the  inferior  organisms.  It  is  thus,  for  instance,  that 
it  has  been  recently  found  in  several  radiated  animals.  The 
time  has  come  for  its  being  established  as  a  philosophical  axiom 
that  nen'es  are  necessary  for  any  d^;roe  of  scnsibUity,  the  ap- 
parent exceptions  being  left  as  so  manv  anomalies  to  be  re- 
solved by  the  future  progress  of  anatomical  analysia. 

The  same  process  must  be  instituted  with  the  t^a^^jj*^ 
common  notions  of  irritability,  which  are  still  ^' 

ruled  by  Bichat's  theory.  He  supposed,  for  instance,  that  the 
contractions  of  the  heart  were  determined,  independently  of  all 
nervous  action,  by  the  immediate  stimulus  of  the  flow  of  the 
blood  towards  it;  whereas,  it  is  now  established  that  a  provi- 
sion of  nen-es  is  as  indispensable  to  the  irritability  c^  this 
muscle  as  of  any  other;  and  generally,  that  the  great  distinc- 
tion laid  down  by  Bichat,  between  organic  and  animal  con- 
tractility, must  be  abandoned.  All  irritability  is  then  ne- 
cessarily animal ;  that  is,  it  requires  a  corresponding  nen'ous 
provision,  whatever  may  be  the  immediate  centre  fi^m  which 
the  nervous  action  proceeds.  Much  illustration  of  this  subject 
is  needed  for  its  scientific  use,  though  not  for  the  logical  sanc- 
tion of  a  principle  already  placed  beyond  dispute.  We  need 
this  further  enlightenment,  not  only  in  regard  to  the  use  of 
the  modem  distinction  made  by  many  physiologists  belm-ccn 
the  sensory  and  the  motory  nerves,  though  such  a  question 
has  considerable  philosophical  importance;  but  much  more  in 
regard  to  another  consideration,  more  direct  and  more  eminent, 
in  regard  to  which  mc  arc  in  a  state  of  most  inconvenient 
uncertainty  and  obscurity:  I  mean  the  scientific  distinction 
^hich  must  be  maintained,  sooner  or  later,  between  the  volun- 
tary and  involuntary  motions.  The  doctrine  of  Bichat  had 
the  advantage  of  representing  this  difference,  which  we  see,  in 
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fact,  to  have  furnished  him  with  his  chief  arguments ;  trhereas, 
now  that  we  insist  on  irritability  being  of  one  kind  only^  and 
dependent  on  a  nervous  provision,  we  find  ourselves  involved 
in  a  very  delicate  fundamental  difficulty,  the  solution  of  which 
is  however  indispensable,  to  enable  us  to  understand  how  all 
motions  must  not  be  indistinctly  voluntary.  For  this  solu- 
tion we  must  obtain — ^what  we  certainly  have  not  as  yet — an 
exact  co-ordination  of  anatomical  differences  with  incontest- 
able physiological  differences.  There  can  be  no  question  that 
such  a  phenomenon  as  the  voluntary  movements  of  the  locomo- 
tive muscles  while  that  of  the  cardiac  muscle  remains  abso- 
lutely involuntary,  must  admit  of  analysis,  however  difficult 
it  may  be.  Here  then  we  find  a  chasm  among  the  very  princi- 
ples of  the  science,  by  which  the  positive  theory  of  irritabilitv 
IS  much  perplexed,  certain  as  is  its  principle.  In  almost  all 
cases  the  ablest  anatomist  is  unable  to  decide  otherwise  than 
by  the  fact  itself,  if  anv  definite  motion  is  necessarily  volun- 
taiy  or  involuntioT;  whidi  affords  sufficient  proof  of  the  ab- 
sence of  any  real  mw  in  the  case.  The  solution  will  probabl? 
be  obtained  by  an  analysis  of  the  intermediate  motions,  as  wc 
may  call  them, — ^those  which,  involuntary  at  first,  end  in  be- 
coming voluntary;  or  the  reverse.  These  cases,  which  arc 
very  common,  appear  to  me  eminently  fit  to  prove  that  the 
distinction  between  voluntary  and  involuntary  motions  arises 
from  no  radical  difference  of  muscular  irritability,  but  only 
from  the  mode,  and  perhaps  the  degree  of  inner\'ation,  modi- 
fied by  long  habit.  If  tliis  be  as  generally  true  as  it  seems  to 
be  in  some  cases  of  acquired  control,  it  must  be  supposed  that 
the  most  involuntary  motions,  which  are  those  most  indis- 
pensable to  life,  would  have  been  susceptible  of  voluntar}'  sus- 
pension (not  e\'en  excepting  the  motions  of  the  heart)  if  their 
incessant  rigorous  necessity  had  not  hindered  the  contractiou 
of  suitable  habits  in  their  case.  AVhile  we  conclude  it  to  be 
probable  that  the  difference  between  the  two  kinds  of  motion 
proceeds  indirectly  fit)m  the  action  of  the  entire  nenons 
system  upon  the  muscular  ^'Stem,  we  cannot  help  pcrceinng 
how  greatly  science  stands  in  need  of  a  thorough  new  exami- 
nation into  this  obscure  fiust. 

Prcfcnt  state  This  brief  sun'cy  shows  us  the  general  iroper- 
of  analTtifl  of  fection  of  the  study  of  animality.  "NVe  sliall  find 
■"^°*^*y-  that  even  in  the  department  of  tlie  primitive  ana- 
lysis of  its  general  phenomena,  in  which  it  appears  so  superior 


MOVEMENT.  449 

to  that  of  the  orgmiic  life,  it  is  very  far  indeed  firom  bdng 
yet  fit  for  exploration  by  positive  laws. 

In  r^ard  to  irritability,  first, — ^the  mechanism    -^^^^^gg^ 
of  no  animal  movement  has  yet  been  satisfaictorily 
analysed, — ^all  the  chief  cases  being  still  the  suqect  of  radical 
controversy  among  equally  qualified  physiologists.    We  retain 
a  ncious  distinction  among  movements,  contrary  to  all  me- 
cbanical  judgment, — ^a  distinction  between  the  general  mo- 
tion which  displaces  the  whole  mass,  and  the  partial  motions 
which  subserve  the  oi^anic  life, — as  for  the  reception  of  ali- 
ment, or  the  expulsion  of  any  residuum,  or  the  circulation  <^ 
fluids;  yet  the  first  order  are  partial,  though  their  object  is 
unlike  that  of  the  second;  for,  in  a  mechanical  view,  the 
organism  allows  of  no  others.     By  the  great  laws  of  motion^ 
the  animal  can  never  displace  its  centre  of  gravity  by  interior 
motion,  without  co-operation  from  its  environment,  any  more 
than  a  steam-carriage  which  should  work  without  friction  on 
a  horizontal  plane,  turning  its  wheels  without  result.    The 
movements  which  produce  locomotion  are  not  mechanicaUj 
different  from  those,  for  instance,  which  carry  food  along  the 
alimentary  canal ; — ^the  difference  is  in  the  apparatus,  which, 
for  locomotion,  consists  of  exterior  appendages,  so  disposed  as 
to  cause  a  reaction  in  the  medium,  which  produces  the  dis- 
placement of  the  whole  body.    Certain  moilusks  furnish  an 
illustration  of  this,  when  they  change  their  place  by  means  of 
contractions  of  the  cardiac  muscle,  or  of  intestinal  muscles. 
The  simplest  notions  of  animal  mechanics  being  tlius  obscured 
and  corrupted  in  their  origin,  it  is  no  wonder  that  the  physio- 
logists still  dispute  about  the  mechanism  of  the  circulation, 
and  most  of  the  means  of  locomotion,  as  leaping,  flying,  swim- 
ming, etc.    In  the  way  in  which  they  proceed,  they  are  remote 
from  any  mutual  imderstanding,  and  tlie  most  opposite  op- 
nions  may  be  maintained  with  equal  plausibiliW.    It  needs 
but  a  word  to  suggest  to  those  who  have  attended  to  what  has 
gone  before,  that  tliis  extreme  imperfection  results  from  the 
inadequate  and  fisiulty  education  of  physiologists,  who  are  too 
often  ignorant  of  the  inorganic  science  which  is  here  directly 
involvdi.    The  complexity  of  the  animal  apparatus,  and  the 
impossibility  of  bringing  the  primitive  moWng  powers  under 
any  mathematical  thcoiT,  will  for  ever  forbid  the  application 
of  numerical  methods :  but  the  great  laws  of  equilibrium  and 
motion  are  applicable,  tlirough  all  varieties  of  apparatus,  and 
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are  the  same  in  animal  medianiesy  or  cdestial,  or  industrial, 
or  any  other  mechanics  whatever.  Some  physiologists^  finding 
their  difficulty,  have  handed  over  their  study  to  the  geometers 
and  physicists :  and  these,  with  their  habits  of  numerical  pre- 
cision, and  their  ignorance  of  anatomy,  have  brought  out  only 
absurd  results.  l%e  remedy  is,  as  we  know,  in  the  work  being 
consigned  to  physiologists,  duly  prepared  by  a  sufficient  train- 
I  ing  in  inorganid  sdenoe.    The  study  of  animal  sounds,  or  pho- 

nation,  for  instance,  cannot  be  carried  on  to  any  purpose  with- 
out such  knowledge  as  physicists  have  of  the  theory  of  sound ; 
and  the  general  production  of  the  voice,  and  the  difierences  of 
utterance  among  animals,  require  for  their  explanation  aknoir- 
ledge  at  once  of  acoustics  and  anatomy ;  and  speech  itself  re- 
quires  this  preparation  no  less,  while  demanding  other  requi- 
sites widi  it.  It  is  to  be  hoped  that  aU  experience,  in  each 
department  of  scientific  inquiry,  will  con>ince  students  mcmM 
and  more  of  the  folly  and  mischief  of  the  anarchical  parcelling] 
out  of  natural  philosophy;  but  the  physiologists  are  those 
who,  above  all,  must  see  the  need  of  a  better  organization  of 
scientific  labour, — so  remarkable  as  is  the  subordination  cf 
their  particular  science  to  aU  that  have  gone  before. 

The  analysis  of  the  phenomena  of  sensibility  is  not  more 
satisfactory  than  that  of  irritability :  and  e\'en  less  so,  if  ve 
leave  out  of  the  account  the  great  knowledge  that  we  have  ob- 
tained, by  anatomical  study,  of  the  corresponding  organs;  a 
knowledge  which,  however,  must  here  be  connected  with  phy- 
siology. The  least  imperfect  part  of  this  study  relates  to  tk 
\  simple  exterior  sensations.    The  phenomenon  of 

i  nti^^  *****   sensation  is  composed  of  throe  dements,  as  wc 

have  seen :  the  impression  ^f  the  external  agent 
or  the  nervous  extremities,  bv  the  aid  of  some  physical  appa- 
ratus; the  transmission  by  the  nen-ous  fibre ;  and  the  rccr|>- 
tion  by  the  cerebral  organ.  The  first  of  these  suggests,  like 
the  mechanical  fiicts  we  have  been  considering,  the  immediate 
dependence  of  the  phenomenon  on  the  laws  of  the  inorganic 
world ;  as  the  relation  of  the  theory  of  \ision  to  optics :  of  the 
theory  of  hearing  to  acoustics,  in  all  that  concerns  the  mode 
of  action  proper  to  the  apparatus  of  sight  and  hearing.  And 
yet,  more  expressly  than  even  in  the  case  of  mechanics,  have 
these  theories  been  delivered  into  the  hands  of  the  physicists, 
who,  again,  bring  out  results  from  their  treatment  of  tlicni 
which  are  manifestly  absurd.    The  only  diflcrcnce  between 
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his  case  and  tlie  preceding  is  that  the  metaphyracians  have 
:ept  a  longer  hold  upon  this  part  of  animal  physiology^ — the 
heory  of  sensations  hanng  been  abandoned  to  them  till  a 
eiy  recent  time.    It  was  not,  indeed,  till  Gall  imparted  his 
rer-memorable  impulse  to  the  investigation,  that  physiologists 
]aimed  this  department  at  all.    It  is  no  wonder,  therefore^ 
hat  the  positive  theory  of  sensations  is  less  well  conoeivedy 
ud  more  recent,  than  that  of  motion;  and  naturally  more 
mperfect,  independently  of  its  superior  difficulty  and  the 
ockwardness  of  those  branches  of  physics  to  which  it  relates, 
rhe  simplest  modifications  of  the  phenomenon  of  vision  and 
if  hearing  cannot  as  yet  be  referred  with  certainty  to  deter- 
Qinate  organic  conditions;  as,  for  instance,  the  adjustment  of 
he  eye  to  see  distinctly  at  very  various  distances;  a  fiicully 
rhich  the  physiologists  have  allowed  the  physicists  to  attribute 
0  various  circumstances  of  structure,  always  illusory  or  inade- 
[iiate,  the  physiologists  the  while  playing  the  part  of  critics, 
iistead  of  appropriating  a  study  which  belongs  exdusivdy  to 
hem.  Even  the  limits  of  the  function  are  usiuilly  very  vagudj 
iefined:   that  is,  the  kind  of  exterior  notions  furnished  l^ 
ach  sense,  abstracted  from  all  inteUcctual  reflection,  is  rarely 
ircumscribcd  with  any  distinctness.    Thus  it  is  no  wonder  lif 
re  are  still  ignorant  of  almost  all  positive  laws  of  sight  and 
learing,  and  e^^en  of^mell  and  taste. — ^The  only  point  of  doc- 
riue,  or  rather  of  method,  that  we  may  consider  to  have  at- 
nined  any  sdcntific  stability,  is  the  fundamental  order  in  which 
lie  different  kinds  of  sensations  should  be  studied :  and  this 
lotion  has  been  supplied  by  comparative  anatomy  rather  than 
ly  physiology.     It  consists  in  classifying  the  senses  by  their 
iicreasing  speciality, — beginning  with  the  universal  sense  of 
outact,  or  touch,  and  proceeding  by  degrees  to  the  four  spe- 
ial  senses,  taste,  smcU,  sight,  and  finally,  hearing.    This 
rdcr  is  rationally  determined  by  the  analysis  of  the  animal 
oies,  as  the  senses  must  be  considered  more  special  and  of  a 
igher  kind  in  proportion  as  they  disappear  from  the  lower 
(^rees  of  the  zoological  scale.    It  is  remarkable  tliat  this 
Tadation  coincides  with  the  degree  of  importance  of  the  sen- 
ation  in  regard  to  sociality,  if  not  to  intelligence.   Unhappily, 
:  measures  yet  more  evidently  the  increasing  imperfection  of 
lie  theory. — ^AVe  ought  not  to  pass  over  the  luminous  distinc- 
ion  introduced  by  Gall  between  the  pa8si\*e  and  the  active 
tate  of  each  special  sense.    An  analogous  consideration  to 
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this,  but  more  fundamental,  would  consist^  it  seems  to  me,  in 
distinguishing  tlie  senses  themselves  as  active  and  passive, 
according  as  their  action  is,  firom  their  nature,  voluntary  or 
involuntary.  This  distinction  seems  very  marked  in  the  case 
of  sight  and  hearing ;  the  one  requiring  our  free  participation, 
to  a  certain  extent,  while  the  other  affects  us  without  our  Mill, 
or  even  our  consciousness.  The  more  vague,  but  more  profound 
influence  that  music  influences  over  us  tluin  we  receive  fit)ni 
painting,  seems  to  be  chiefly  attributable  to  such  a  diversity. 
An  analogous  difference,  but  less  marked,  exists  between  taste 
and  smdL 

There  is  a  second  dass  of  sensations,  forming 
J^^JJi^         the  natural  transition  from  the  study  of  the  sen- 
i  sations  to  that  of  the  affective  and  intellectual 

I  ftuictions,  which  all  physiologists,  since  the  time  of  Cabaiiisj 

\  and  yet  more,  of  Gall,  have  found  it  necessary  to  admit,  t9 

complete  the  study  of  the  sensations.  They  are  the  interior 
sensations  which  relate  to  the  satisfaction  of  me  natural  wants; 
and,  in  a  pathological  state,  the  pains  produced  by  bodily  al- 
teration. These  are  still  more  indispensable  than  the  first  to 
the  perfection  of  the  organic  life ;  and,  though  they  procure 
no  direct  notions  of  the  external  world,  they  radically  modify, 
by  their  intense  and  continuous  action,.the  general  course  \k 
intellectual  operations,  which  are,  in  most  animal  species,  en* 
tirely  subordinated  to  them.  This  great  department  of  tlie 
theory  of  sensations  is  even  more  obscure  and  unadvanced  than 
the  forc^ing.  The  only  positive  notion  which  is  fairly  esta- 
blished m  regard  to  it  is  that  the  nen-ous  system  is  indispen- 
sable to  both  kinds  of  sensibility. 

Once  again  we  see  how  the  extreme  imperfection  of  doc- 
trine here  is  owing  to  the  imperfection  of  method ;  and  that 
again,  as  before,  to  the  inadequate  preparation  of  the  inquirers 
to  whom  the  study  belongs.  It  is  a 'great  thing,  howe^-cr,  to 
have  withdrawn  the  subject  from  the  control  of  the  metaphy- 
sidaiis ;  and  some  laboun  of  contemporary  physiologists  au- 
thorize us  to  hope  that  the  true  spirit  of  tne  inquiry  is  at 
length  entered  into;  and  that  the  study  of  the  sensations  will 
be  directed,  as  it  ought  to  be,  to  deixlope  tiie  radical  accord- 
ance between  anatomical  and  phvsiologioal  analysis. 
Mode  of  Ha\ing  reviewed  tlie  two  ordera  of  anioial 

action  of  functions,  we  must  consider  the  complementary 

aniniaUtj.        j^^  of  the  thcory  of  animality ;— the  idea:* 
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about  the  mode  of  action  which  are  common  to  the  pheno- 
mena of  irritability  and  sensibility.  It  is  true,  these  ideas 
bdong  also  to  intellectual  and  mcHral  phenomena;  but  we 
must  review  them  here,  to  complete  our  delineation  of  the 
chief  aspects  of  the  study  of  animal  life. 

The  considerations  about  such  mode  of  action  naturally 
divide  themselves  into  two  classes:  the  one  relating  to  tM 
fonction  of  either  motion  or  sensation,  separately;  and  the 
other  to  the  association  of  the  two  functions.  The  first  may- 
relate  to  either  the  mode  or  the  degree  of  the  animal  pheno- 
menon. Following  this  order,  the  first  theory  -e-^i^i-aj^,, 
that  presents  itself  is  that  of  the  intermittaice  °'*™""«™*- 
of  action,  and  consequently,  that  of  habit,  which  results  finom 
it.  Bichat  was  the  first  who  pointed  out  the  intermittent 
character  of  every  animal  faculty,  in  contrast  with  the  con- 
tinuousness  of  v^etative  phenomena.  Tlie  double  movement 
of  absorption  and  exhalation  which  constitutes  life  could  not 
be  suspended  for  a  moment  without  determining  tlie  tendency 
to  disorganization :  whereas,  every  act  of  irritability  or  sensi- 
bOity  is  neccssariljr  intermittent,  as  no  contraction  or  sensa- 
tion can  be  conceived  of  as  indefinitely  prolonged ;  so  that 
continuity  would  imply  as  great  a  contradiction  in  animal  life 
as  interruption  in  the  oi^anic.  All  the  progress  made,  during 
the  present  century,  in  physiolc^cal  anatomy,  has  contributed 
to  the  perfecting  of  this  theory  of  iutcrmittcnoe.  Rationally 
understood,  it  applies  immediately  to  a  very  extensive  and 
important  class  of  animal  phenomena;  that  is,  to  those  which 
belong  to  the  different  decrees  of  deep.  The  ^^ 
state  of  sleep  thus  consists  of  the  simultaneous  ^^^ 
suspension,  for  a  certain  time,  of  the  principal  actions  of  irri- 
tability and  sensibility.  It  is  as  complete  as  the  organization 
of  the  superior  animals  admits  when  it  suspends  aU  motions 
and  sensations  but  such  as  are  indispensable  to  the  oi^ganic 
life, — their  activity  being  also  remarkably  diminished.  The 
phenomenon  admits  of  great  variety  of  degrees,  from  simple 
somnolence  to  the  torpor  of  hylxsrnatin^  animals.  But  this 
theory  of  sleep,  so  well  instituted  by  Bichat,  is  still  merely 
initiated,  and  presents  many  fundamental  difBcultiesi,  when 
^e  consider  the  chief  modifications  of  such  a  state,  e^*en  the 
I  organic  conditions  of  which  are  very  imperfectly  known,  ex- 
cept the  stagnation  of  the  venous  blood  in  the  brain,  which 
ai)l)e4r8  to  be  generally  an  indispensable  preliminaiy  to  all 
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extended  and  durable  lethargy.  It  is  easy  to  conceive  how 
the  prolouffcd  actinty  of  the  animal  functions  in  a  waking 
state  may,  by  the  law  of  intermittcnce,  occasion  a  proportionid 
suspension :  but  it  is  not  so  easy  to  see  why  the  suspension 
should  be  total  when  the  activity  hu  been  only  partial.  Yet 
we  see  how  profound  is  the  sleep,  intellectual  and  muscular, 
induced  by  fatigue  of  the  musdcs  alone  in  men  who,  while 
awake,  have  given  very  little  exercise  to  their  sensibility,  in. 
terior,  or  even  exterior.  We  know  still  less  of  incomplete 
sleep ;  especiaUy  when  only  a  part  of  the  intellectual  or  affec- 
tive organs,  or  of  the  locomotive  apparatus  is  torpid ;  whence 
arise  dreams  and  various  kinds  of  somnambulism.  Yet  such 
a  state  has  certainly  its  own  general  laws,  as  well  as  the  wak- 
ing  state.  Some  experiments,  not  duly  attended  to,  perhaps 
justify  the  idea  that,  in  animals,  in  which  the  cerebral  life  is 
much  less  varied,  the  nature  of  dreams  becomes,  to  a  certain 
point,  susceptible  of  being  directed  at  the  pleasure  of  the  ob- 
server, by  the  aid  of  external  impressions  produced,  during 
sleep,  upon  the  senses  whose  action  is  involimtary;  and  espe- 
cially smcU.  And  in  the  case  of  Man,  there  is  no  thought- 
ful pliysician  who,  in  certain  diseases,  does  not  take  into  the 
account  the  habitual  character  of  the  patient's  dreams,  in 
order  to  perfect  the  diagnosis  of  maladies  in  which  the  nen- 
ous  system  is  cspeciallv  implicated:  and  this  supposes  that 
the  state  is  subject  to  determinate  laws,  though  thev  may  Ik 
unknown.  But,  however  imperfect  the  theory  dT  slecD  may 
still  be,  in  these  essential  respects,  it  is  fairly  constituted  upon 
a  positive  basis  of  its  own;  for,  looked  at  as  a  whole,  it  is  ex- 
plained, according  to  the  scientific  acceptation  of  the  term, 
by  its  radical  identity  with  the  phenomena  of  partial  repose 
offered  by  all  the  elementary  acts  of  the  animal  life.  'NVhcn 
the  theory  of  intermittence  is  perfected,  we  shall,  I  imagine, 
adopt  Gairs  view  of  connecting  it  with  the  symmetry  which 
characterizes  all  the  organs  of  animal  life,  by  r^arding  the 
two  parts  of  the  symmetrical  apparatus  aq  alternately  active 
and  passive,  so  that  their  function  is  never  simultaneous :  and 
this,  as  much  in  r^ard  to  the  external  senses  as  the  intellec- 
tual organs.  All  t]^s,  however,  descnes  a  fircsh  and  thorough 
investigation. 

MMl  ^^  theory  of  Habit  is  a  sort  of  necessary  ap- 

pendix to  that  of  intermittence ;  and,  Ukc  it*  due 
to  Bicliat.     A  continuous  phenomenon  would  be,  iu  fact, 
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capable  of  persistenoe,  in  virtue  of  the  law  of  inertia ;  bat 
mtcrmittent  phenomena  alone  can  give  rise  to  babita^  pro- 
perly 80  caUed:  that  is,  can  tend  to  reproduce  theuMelves 
gpontancously  through  the  influence  of  a  prdiminaiy  repeti- 
tion,  sufficiently  prolonged  at  suitable  intervals.    The  impor- 
tance of  this  animal  property  is  now  universally  acknowle^g^ed 
among  able  inquirers,  who  see  in  it  one  of  the  chief  bases  of 
die  gradual  perfectibility  of  animals,  and  especially  of  Man* 
Through  this  it  is  that  vital  phenomena  may,  in  some  sort, 
participate  in  the  admirable  regularity  of  those  of  the  inor- 
ganic world,  by  becoming,  like  them,  periodical,  notwith- 
standing their  greater  complexity.    Thenoe  also  results  the 
transformation, — optional  up  to  a  certain  point  of  inveteracy 
of  habit,  and  inevitable  beyond  that  point, — of  voluntaiy  acts 
into  involimtary  tendencies.    But  the  study  of  habit  is  no  ^ 
further  advancel  than  that  of  intermittence,  in  regard  to  ita 
analysis :  for  we  have  paid  more  attention  hitherto  to  the  in^- 
fluenoe  of  habits  once  contracted  than  to  th&r  orig^,  with 
regard  to  wliich  scarcely  any  scientific  doctrine  exists.    What 
is  known  lies  in  the  department  of  natural  history,  and  not  in 
that  of  biology.    Perhaps  it  may  be  found,  in  the  course  of 
kientific  study,  that  we  have  been  too  hasty  in  calling  thia 
an  animal  property,  though  the  animal  structure  may  be  more 
susceptible  of  it.    In  &ct,  there  is  no  doubt  that  inoiganic 
apparatus  admits  of  a  more  easy  reproduction  of  the  same  acts 
after  a  sufficient  regular  and  prolonged  reiteration^  as  I  had 
occasion  to  observe  in  n^rd  to  the  phenomenon  of  sound : 
and  this  is  essentially  the  character  of  animal  habit.    Accord- 
ing to  this  view,  which  I  commend  to  the  attention  of  biolo- 
gists, and  which,  if  true,  would  constitute  the  most  general 
point  of  view  on  this  subject,  the  law  of  habit  may  be  sdenti- 
iically  attached  to  the  law  of  inertia,  as  geometers  understand 
it  in  the  positive  theory  of  motion  and  equilibrium. 

In  examining  the  phenomena  common  to  irritability  and 
scnsibiUty  under  the  aspect  of  their  actirity,-  physiologista 
have  to  examine  the  two  extreme  terms, — exaggerated  action, 
and  insufficient  action,  in  order  to  determine  the  intermediate 
normal  degree :  for  the  study  of  intermediate  cases  can  never 
be  suooessAilly  midcrtaken  till  the  extreme  cases  which  com- 
prehend them  have  been  first  examined. 

The  need  of  exercising  the  faculties  is  certainly  ifeod  of  «e- 
the  most  general  and  important  of  all  those  that  ^^' 
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belong  to  tlie  animal  life:  we  may  even  say  that  it  con  J 
prehends  them  all^  if  we  exclude  what  relates  merely  to  the 
organic  life.  The  existence  of  an  animal  organ  is  enou<j:li 
to  awaken  the  need  immediately.  We  shall  see,  in  the  next 
Tohime,  that  this  consideration  is  one  of  the  chief  bases  that 
social  physics  derives  firom  individual  physiology.  Unhappily 
this  study  is  still  vcir  imperfect  with  regard  to  most  of  the 
animal  functions,  and  to  all  the  three  degrees  of  their  ac(i. 
vity.  To  it  we  must  refer  the  analysis  of  aU  the  xwried  phe- 
nomena  of  pleasure  and  pain,  physical  and  moral.  The  case 
of  defect  hi^  been  even  less  studied  than  that  of  excess;  aud 
yet  its  scientific  examination  is  certainly  not  less  importaui, 
on  account  of  the  theory  of  ennui,  the  consideration  of  which 
is  so  prominent  in  soaal  physics, — ^not  only  in  connection 
with  an  ad>*anced  state  of  civilization,  but  even  in  the  roughest 
periods,  in  which,  as  we  shall  see  hereafter,  ennui  is  one  of  the 
chief  moA-ing  springs  of  social  evolution.  As  for  the  intcrmc- 
diate  degree,  which  characteriEcs  health,  welfare,  and  finallr 
happincss,  it  cannot  be  well  treated  till  the  extremes  are  bet- 
ter understood.  The  only  positive  principle  yet  established  in 
this  part  of  physiology  is  that  which  prescribes  that  wc  should 
not  contemplate  this  normal  degree  in  an  absolute  manner, 
but  in  subordination  to  the  intrinsic  energy  of  the  corre- 
sponding faculties ;  as  popular  good  sense  has  already  admitted, 
however  difficult  it  may  be  practically  to  conform  to  the  pits 
ccpt  in  social  matters,  from  the  unreflecting  tendency  of  e^err 
man  to  erect  himself  uito  a  necessary  type  of  the  whole  specie;^. 
AVe  have  now  only  to  notice,  further,  the  third  oidcr  of 
considerations;  the  study  of  the  association  of  the  animal 
functions. 

AMociatUm  of  This  great  subject  should  be  divided  into  tiro 
the  animal  parts,  relating  to  the  $ympathie$,  to  which  Bichaf 
functions.  tag  sufficiently  drawn  the  attention  of  physiolo- 
gists, and  the  $ynergie$,  as  Barthex  has  called  them,  whieh 
are  at  present  too  much  neglected.  The  difference  between 
these  two  sorts  of  ntal  association  corresponds  to  that  between 
the  normal  and  the  pathological  states :  for  there  is  syncrgr 
whenever  t^vo  organs  concur  simultaneously  in  the  regular 
accomplishment  of  any  fiinction ;  whereas  sympathy  suppose 
a  certain  nerturbation,  momentary  or  permanent,  partial  or 
general,  which  has  to  be  stopped  by  the  intervention  of  an 
organ  not  primarily  affected.    These  two  modes  of  phyaiolo- 
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gical  assodation  are  proper  to  the  animal  life,  an^  appearauEic^e 
to  the  contraiy  being  due  to  the  influence  of  animal  over  or- 
ganic action.    The  study  is  fiiirly  established  on  a  ratiomsl 
basis;  the  physiologists  of  our  time  seeming  to  be  all  agreed  ~ 
as  to  the  nervous  system  being  the  necessary  agent  of  all  eytxk^ 
pathy ;  and  this  is  enough  for  the  foundation  of  a  pontiire 
theory.    Beyond  this,  we  have  only  disjointed  though  nuxoe- 
rous  facts.    The  study  of  the  synergies,  though  more  simple 
and  better  circumscribed,  does  not  present,  as  yet,  a  more  ai^- 
tisfactory  scientific  character,  either  as  to  the  mutual  asso- 
ciation of  the  different  motions,  or  as  to  the  different  modes 
of  sensibility ;  or  as  to  the  more  general  and  complex  associa- 
tion between  the  phenomena  of  sensibility  and  those  of  irri* 
tability.    And  yet  this  great  subject  leads  directly  to  the  most 
important  theory  that  physiology  can  finally^  present, — ^that  of 
the  fundamental  unity  of  the  animal  organism,  as  a  neoessaay 
result  of  a  harmony  between  its  various  chief  functions. 
Here  alone  it  is  that,  taking  each  elementary  fSetculty  in  its 
normal  state,  we  can  find  the  sound  theory  of  the  Ego,  so  ab- 
surdly perverted  at  present  by  the  vain  dreams  of  the  meta- 
physicians :  for  the  general  sense  of  the  /  is  certainly  deter- 
mined by  the  equilibrium  of  the  faculties,  the  disturbance  of 
which  impairs  that  consciousness  so  profoundly  in  many 
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CHAPTER  VI. 

INTELLECTUAL  AND  MORAL^  OR  CEREBRAL  FUNCTIONS. 

The  remaining  portion  of  biological  philosophy  is  that  ^hich 
relates  to  the  study  of  the  affective  and  intcUectual  faculties, 
which  leads  us  over  from  individual  physiology  to  Social  Phy- 
sicsy  as  vegetative  physiology  does  from  the  morganic  to  the 
organic  philosophy. 

\Vliile  Descartes  tras  rendering  to  the  world 
2?*2[SS2r2.  ^^  glorious  service  of  instituting  a  complete  sy- 
stem of  positive  philosophy,  the  reformer,  with  all 
his  bold  energy,  was  unable  to  raise  himself  so  far  above  his 
age  as  to  give  its  complete  logical  extension  to  his  own  theon* 
by  comprdiending  in  it  the  part  of  phvsiology  that  relates  to 
intellectual  and  moral  phenomena.  After  hanng  instituted  a 
vast  mechanical  hypothesis  upon  the  fundamental  theory  of 
tlie  most  simple  and  universal  nhenomena,  he  extended  in  suc- 
cession the  same  philosophical  spirit  to  the  different  elemen- 
tary notions  relating  to  the  inorganic  world;  and  fiiudly  sub- 
ordinated to  it  the  study  of  the  chief  physical  frmctions  of  the 
animal  organism.  But,  when  he  arrived  at  the  functions  of 
the  affections  and  the  intellect,  he  stopped  abruptly,  and  ex- 
pressly constituted  from  them  a  special  study,  as  an  appurte- 
nance of  the  metaphysico-theological  philosophy,  to  which  he 
thus  endeavoured  to  give  a  kind  of  new  life,  after  liaring 
wrought  far  more  successfully  in  sapping  its  scientific  founda- 
tions. We  have  an  unouestionablc  e\'idence  of  the  state  of 
his  mind  in  his  celebrated  paradox  about  the  intelligence  and 
instincts  of  animals.  He  called  brutes  automata,  rather  than 
aUow  the  application  of  the  old  philosophy  to  them.  Being 
unable  to  pursue  this  method  with  Man,  he  delivered  him  over 
expressly  to  the  domain  of  metaphysics  and  theology.  It  is 
difficult  to  sec  how  he  could  have  done  othcmisc,  iu  the  then 
existing  state  of  knowledge :  and  we  owe  to  his  strange  hyfO' 
ihcm,  which  the  physiologists  went  to  work  to  coi^ute,  the 


J 


HISTORY  OF  MENTAL  PHILOSOFHT.  459 

dearing  away  of  the  partition  wbich  he  aet  up  between  the 
study  of  animals  and  that  of  'SIbh,  and  consequently^  the  en- 
tire elimination  among  the  higher  order  of  investigatoray  of 
theological  and  metaphysical  philosophy.    What  the  first  ooa- 
tradictory  constitution  of  the  modem  philosophy 
was,  we  may  see  in  Ac  great  work  of  Male-   Siy>3;J? 
brandie,  who  was  the  chief  interpreter  of  Des- 
cartes, and  who  shows  how  his  philosophy  continued  to  apply- 
to  the  most  complex  parts  of  the  intellectual  system  the  same 
methods  which  had  been  shown  to  be  necessarily  futile^  with. 
r^;ard  to  the  simplest  subjects.    It  is  necessary  to  indicate 
this  state  of  things  because  it  has  remained  essentially  un- 
altered during  the  last  two  centuries,  notwithstanding  the  vast 
progress  of  positive  science,  which  has  all  the  while  been  gra- 
dually  preparing  for  its  inentable  transformation.    The  school 
of  Boerhaave  left  Descartcs's  division  of  subjects  as  they^  found 
it:  and  if  they,  the  successors  of  Descartes  in  physiology^ 
abandoned  this  department  of  it  to  the  metaphysical  method, 
it  can  be  no  wonder  that  intellectual  and  moral  phenomena 
remained,  tiU  this  century,  entirdv  excluded  from  the  great 
scientific  movement  originated  and  guided  by  the  impube  of 
Descartes.    The  growing  action  of  the  positive  spirit  has  been, 
during  the  whole  succeeding  inten^al,  merely  critical, — ^attack- 
ing tiie  inefficacv  of  metaphysical  studies, — exhibiting  the 
perpetual  reconciliation  of  the  naturalists  on  points  of  genuine 
doctrine,  in  contrast  to  the  incessant  disputes  of  various  me- 
taphysicians, arguing  still,  as  from  Plato  downwards,  about 
the  very  elements  of  their  pretended  science:  this  criticism 
itself  relating  only  to  results,  and  still  ofiTcring  no  objection 
to  the  supremacy  of  metaphysical  philosophy,  in  the  study  of 
Man,  in  his  intellectual  and  moral  aspects.    It  was  not  till 
our  ovm  time  that  modem  science,  with  the  illustrious  Gall 
for  its  organ,  drove  the  old  philosophy  from  this  last  portion 
of  its  domain,  and  passed  on  in  the  inevitable  course  from  the 
critical  to  the  organic  state,  striving  in  its  turn  to  treat  in  its 
own  way  the  general  theory  of  the  highest  vital  functions. 
However  imperfect  the  first  attempts,  the  thing  is  done.  Sub- 
jected for  hailf  a  century  to  the  most  decisive  tests,  this  new 
doctrine  has  clearly  manifested  all  the  indications  which  can 
^arantee  the  indestructible  vitality  of  scientific  conceptions. 
Neither  enmity  nor  irrational  advocacy  has  hindered  the  con- 
tinuous spread,  in  all  parts  of  the  scientific  world,  of  the  new 
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system  of  investigation  of  intellectual  and  moral  man.  All 
tlie  signs  of  the  progressive  success  of  a  happy  philosophical 
revolution  are  present  in  this  case. 

Potitire  '"^^  poritivc  thcoty  of  the  affective  and  intd- 

theoiy  of  Icctud  functions  is  therefore  settled,  irreversibly, 
Oerebrsl  funo-  to  be  this : — ^it  consists  in  the  experimental  and 
^^^^^    .  rational  study  of  the  phenomena  of  interior  sen- 

sibility  proper  to  the  cereoral  ganglions,  apart  from  all  imme* 
diate  extenial  apparatus.  These  phenomena  are  the  most 
complex  and  the  most  sperial  of  all  belonging  to  physiology; 
and  therefore  they  have  naturally  been  the  hat  to  attain  to  a 
positive  analysis;  to  say  nothing  of  their  relation  to  social 
considerations,  irhich  must  be.  an  impediment  in  the  way  of 
their  study.  This  study  could  not  precede  the  principal 
;  scientific,  conceptions  of  the  organic  life,  or  the  first  notions 

t  of  the  animal  life;  so  that  Gall  must  follow  Bichat :  and  our 

surprise  would  be  that  he  followed  him  so  soon,  if  the  matu* 
rity  of  his  task  did  not  explain  it  sufficiently.  The 
1  Sace"*'^        grounds  of  my  pro\isional  separation  of  this  part 

^^'  of  physiology  from  the  province  of  animal  life  ge- 

nerally are — the  eminent  differences  oetween  this  order  of  phe- 
nomena and  those  tiiat  have  gone  before, — ^their  more  direct  and 
striking  importance, — ^and,  above  all,  tiie  greater  imperfection 
of  our  present  studv  of  them.  This  new  body  of  doctrine, 
thus  erorted  into  a  third  section  of  physblogy,  will  assume  iu 
true  place  within  the  boundaries  of  the  second  when  we  obtain 
a  distincter  knowledge  of  organic,  and  a  more  philosophical 
conception  of  animd  physiology.  We  must  bear  in  mind 
what  the  proper  arrangement  should  be,— this  tiiird  depart- 
ment differing  much  less  from  the  second  than  the  second  differs 
from  the  first. 

Vice*  of  Piy-  We  need  not  stop  to  draw  out  any  parallel  or 
chological  contrast  between  plurcnology  and  psychology, 
i^fttema.  QjJ|  j^^  jyjy  ^^^  clearly  exposed  the  powerlcss- 

ncss  of  metaphysical  methods  for  the  study  of  intellectual  atid 
moral  phenomena :  and  in  the  present  state  of  the  human 
mind,  idl  discussion  on  tliis  subject  is  superfluous.  The  great 
philosophical  cause  is  tried  and  judged;  and  the  metaphy- 
sicians have  j)as8cd  from  a  state  of  domination  to  one  of  pro- 
testation,— ^in  the  learned  world  at  least,  where  their  oppo^i- 
I  tion  would  obtain  no  attention  but  for  the  inconvenience  of 

I  their  still  impeding  the  progress  of  popidar  reason.  The  triumph' 
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of  the  poritive  method  is  so  decided  that  it  is  needless  to 
devote  time  and  effort  to  any  demonstration^  except  in  the  "wwLy 
of  instruction :  hut,  in  order  to  characterize,  l^  a  striking' 
contrast,  the  true  general  spirit  of  phrenologiiad  physiolc^3%  it 
may  be  usefid  here  to  analyse  very  briefly  the  radical  vices  of 
the  pretended  psychological  method,  considered  merely  in  re- 
gard to  what  it  has  in  common  in  the  principal  existing  schools  ; 
— 4n  those  called  the  French,  the  German,  and  (the  least  con- 
sistent and  also  the  least  absurd  of  the  three)  the  Scotch 
school : — ^that  is,  as  far  as  we  can  talk  of  schools  in  a  philoao- 
phy  which,  by  its  nature,  must  engender  as  many  incompatible 
opinions  as  it  has  adepts  gifted  widi  any  d^ree  of  imaginatioiL. 
We  may,  moreover,  refer  confidently  to  these  sects  for  the  mu- 
tual refiitation  of,  their  most  essential  points  of  diflkrenoe. 

As  for  their  fundamental  principle  of  interior       Mothod. 
observation,  it  would  certainly  be  superfluous  to   Irttwior 
idd  anything  to  what  I  have  already  said  about   OhaarftikMu 
the  absurdity  of  the  supposition  ot  a  man  sedng  himself 
thmk.     It  was  well  remarked  by  M.  Broussais,  on  this  point, 
that  such  a  method,  if  possible,  would  extremdy  restrict  the 
study  of  the  understanding,  by  necessarily  limiting  it  to  the 
case  of  adult  and  healthy  Man,  without  any  hope  of  illustrat- 
ing this  difficult  doctrine  by  any  comparison  of  different  ages;, 
or  consideration  of  pathologicid  states,  which  yet  are  unani- 
mously  recognized  as  indispensable  auxiliaries  m  the  simplest 
researches  about  Man.     But,  further,  we  must  be  also  s^uck 
by  the  absolute  interdict  which  is  laid  upon  all  intellectual  and 
moral  study  of  animals,  firom  whom  the  psychologists  can 
hardly  be  expecting  any  ifiierior  observation.    It  seems  rather 
strange  that  the  philosophers  who  have  so  attenuated  this 
immense  subject  should  hQ  those  who  are  for  ever  rqiroacfaing 
their  adversaries  with  a  want  of  comprehensiveness  and  eleva- 
tion.   The  case  of  animals  is  the  rock  on  which  all  psycho^ 
logical  theories  have  split,  since  the  naturalists  have  com« 
polled  the  metaphysicians  to  part  with  the  singular  expedient 
imagined  by  Descartes,  and  to  admit  that  animals,  in  the 
higher  parts  of  the  scale  at  least,  manifest  most  of  our  affec- 
tive, and  c\'cn  intellectual  faculties,  with  mere  difierenoes  of 
degree ;  a  fact  which  no  one  at  this  day  ventures  to  deny,  and 
which  is  enough  of  itself  to  demonstrate  the  absurdity  of  these 
idle  ooDceptions. 

Recurring  to  the  first  ideas  of  philosophical  common  sensei 
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it  is  at  onoe  evident  that  no  function  can  be  studied  but  witb 
relation  to  the  organ  that  fulfils  it^  or  to  the  phenomena  of  its 
fulfilment :  and,  in  the  second  place,  that  the  affective  fiinc- 
tions,  and  yet  more  the  intellectual,  exhibit  in  thcf  latter  respect 
tUs  particular  characteristic, — ^that  they  cannot  be  observed 
during  their  operation,  but  only  in  their  results, — ^more  or  lc88 
immediate,  and  more  or  less  durable.  There  are  then  only 
two  ways  of  studying  such  an  order  of  functions;  either  de- 
..termining,  with  all  attainable  predsion,  the  various  orsanic 
conditions  on  which  th^  depend, — ^which  is  the  chief  mjcct 
of  phrenological  physiology;  or  in  directly  observing  the 
series  of  intellectual  and  mml  acts^ — ^which  belongs  rather 
to  natural  history,  properly  so  called:  these  two  inseparable 
aspects  of  one  subject  being  alwavs  so  conceived  as  to  throw 
light  on  each  other.  Thus  regarded,  this  great  studv  is  seen 
to  be  indissolubly  connected  on  the  one  hand  with  the  whole 
of  the  foregoing  parts  of  natiural  phflosophy,  and  especially 
with  the  fundamental  doctrines  of  Uology ;  and,  on  the  othor 
hand,  with  the  whole  of  history,— of  animals  as  well  as  of 
man  and  of  humanity.  But  when,  bv  the  pretended  psycho- 
logical method,  .the  consideration  of  both  the  agent  and  the 
act  is  ^scarded  altogether,  what  material  can  remain  but  an 
unintelligible  conflict  of  words,  in  which  merely  nominal  enti- 
ties are  substituted  for  real  phenomena  f  The  most  diflicult 
study  of  all  is  thus  set  up  in  a  state  of  isolation,  wiUiout  anv 
one  point  of  support  in  the  most  simple  and  perfect  sdences, 
over  which  it  is  yet  proposed  to  give  it  a  majestic  sovereignty : 
and  in  this  all  psycnologists  agree,  however  extreme  may  \x 
their  differences  on  other  points. 

^^  .  About  the  method  of  psychology  or  ideology, 

jj^£J2J^  enough  has  been  said.  As  to  the  doctrine,  the 
iween  the  ^^  glance  shows  a  radical  fault  in  it,  common 
AiTtictiTe  and  to  all  sects, — a  falsc  estimate  of  the  general  rcla- 
fi^ttS."**  ^^^  between  the  affective  and  the  intcUcctual 
faculties.  However  various  may  be  the  theo- 
ries about  the  preponderance  of  the  latter,  all  metaphysicians 
assert  that  preponderance  by  making  these  faculties  tlicir 
starting-point.  The  inteUect  is  almost  exclusively  the  sub- 
ject of  their  speculations,  and  the  affections  have  been  almost 
entirely  neglected;  and,  moreover,  always  subordinated  to 
the  understanding.  Now,  such  a  conception  represents  pre- 
cisely the  reverse  of  tlie  reality,  not  only  for  animals,  but 
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also  for  Man :  for  dafly  experience  shows  that  Ihe  affcctioiis^ 
the  propeiiaties^  the  passions^  are  the  great  springs  of  Iramjui 
life;  and  that,  so  fiur  from  resulting  from  intelKgcnoe^  their 
f))ontaneou8  and  independent  impulse  is  indispennble  to  the 
ftrst  awakening  and  continuous  development  of  the  Tarioos 
iatdlectual  faculties,  by  assigning  to  them  a  permanent  end, 
vithout  which — ^to  say  nothing  of  the  vagueness  of  their  genend 
direction — ^th^  would  remain  dormant  in  the  maiorily  of  men. 
It  is  even  but  too  certain  that  the  least  noble  ana  most  animal 
propensities  are  habitually  the  most  energetic,  and  theiefixie 
the  moat  influential.    The  whole  of  human  nature  is  thus 
very  unfaithfullv  represented  by  these  futile  syatema,  whidi,  if 
noticing  the  afllective  faculties  at  all,  have  vaguely  oonnectod 
them  with  one  single  principle,  sympathy,  and,  above  all, 
telf-consciousncss,  dways  supposed  to  be  directed  bv  the  in- 
tellect   Thus  it  is  that,  contrary  to  evidence,  Man  nas  beaa 
represented  as  essentially  a  reasoning  being,  continually  carry- 
ing on,  unconsciously,  a  multitude  of  imperceptible  calcula- 
tions, with  scarcely  any  spontaneily  of  acticm,  from  infimcy 
upwards.    This  fiiliBe  conception  has  doubdess  been  supported 
by  a  consideration  worthy  of  all  respect, — that  it  is  by  the 
intellect  that  Man  is  modified  and  improved;  but  science  le- 
quircs,  before  all  things,  the  reality  of  any  views,  independently 
of  their  desirableness ;  and  it  is  always  this  reality  which  is 
the  basis  of  genuine  utility.  Without  denying  the  seoondanr  in- 
fluence of  such  a  view,  we  can  show  that  two  purely  philoso- 
phical causes,  quite  imoonnected  with  any  idea  of  application, 
and  inherent  in  the  nature  of  the  methoa,  have  led  the  meta* 
physicians  of  all  sects  to  this  hypothesis  of  the  supremaq^  of  the 
intellect.  The  first  is  the  radical  separation  which  it  was  Uioug^t 
necessary  to  make  between  brutes  and  man,  and 
which  would  have  b^n  effaced  at  once  by  the  ad-   J^^  "* 
mission  of  the  preponderance  of  the  aflective  over 
the  intellectual  faculties;  and  the  second  was  the  necessity 
that  the  metaphysicians  found  themselves  under,  of  preservinc 
the  unity  of  what  they  called  the  7,  that  it  might  correspond 
with  the  unity  of  the  soul,  in  obedience  to  the  »nieo— ofthaZ 
requisitions  of   the  theological  philosophy,  of  ^^ 
which  metaphysics  is,  as  we  must  ever  bear  in  mind,  the  final 
transformation.    But  the  positive  philosophers,  who  anprosdi 
the  question  with  the  simple  aim  of  ascertaining  tne  tme 
state  of  things,  and  rqiroducing  it  with  all  posuble  accuracy 
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in  their  theories,  have  pcroeiTcd  that,  according  to  universal 
experience,  human  nature  is  so  &r  from  being  single  that  it  is 
..  eminently  multiple;  tluit  is,  usually  induced  in  various  direc- 
tions by  distinct  and  independent  powers,  among  which  equili- 
brium  is  established  with  extreme  difficulty  when,  as  usually 
happens  in  civilized  life,  no  one  of  them  is,  in  itself,  sufficiently 
manked  to  acquire  spontaneously  any  considerable  preponde- 
rance over  the  rest  Thus,  the  famous  theory  of  the  /  is  cs- 
sentially  without  a  scientific  object,  since  it  is  destined  to  rc- 

{ resent  a  purely  fictitious  state.    There  is,  in  this  direction,  as 
have  already  pointed  out,  no  other  real  subject  of  positive 
investigation  than  the  study  of  the  equilibrium  of  the  various 
I  animal  functions, — ^both  of  irritability  and  of  sensibility,— 

I  which  marks  the  normal  state,  in  which  each  of  them,  ^uly 

.  moderated,  is  regularly  and  permanentiy  associated  with  the 

}  whole  of  the  others,  according  to  the  laws  of  sympadiy,  and  yet 

more  of  synergy.  The  very  abstract  and  indirect  notion  of 
the  /  proceeds  from  the  continuous  sense  of  such  a  harmony ; 
that  is,  frt>m  the  universal  accordance  of  the  entire  organism. 
Psychologists  have  attempted  in  vain  to  make  out  of  tiiis  idea, 
or  rather  sense,  an  attribute  of  humanitjr  exclusively.  It  is 
evidentiy  a  necessary  result  of  all  animal  Ufe ;  and  therefore  it 
must  belong  to  all  animals,  whether  they  are  able  to  discourse 
upon  it  or  not.  No  doubt  a  eat,  or  any  other  vertebrated  ani- 
mal, without  knowing  how  to  say  **  I/*  is  not  in  the  habit  of 
taking  itself  for  another.  Moreover,  it  is  probable  that  amoug 
the  sunerior  animals  the  sense  of  personality  is  still  more 
marked  than  in  Man,  on  account  of  their  more  isolated  Ufc; 
though  if  we  descended  too  far  in  the  zoological  scale  we 
should  reach  organisms  in  which  the  continuous  dcgradatiou 
of  the  nervous  system  attenuates  this  compound  sense,  to- 
gether with  the  various  simple  feelings  on  winch  it  depends. 

It  must  not  be  overlooked  that  though  the 
^Sct  pychologists  have  agreed  in  neglecting  the  intel- 

lectual and  moral  faculties  of  Incites,  which  have 
been  happfly  left  to  the  naturalists,  thev  have  ooeasionod  great 
misdiief  by  their  obscure  and  indefinite  distinction  between 
intelligence  ?nd  instinct,  tiius  setting  up  a  division  between 
human  and  animal  nature  which  has  had  too  much  eifcct  even 
upon  zoologists  to  this  day.  The  oiily  meaning  that  can  be 
attributed  to  the  word  iHsiinct,  is  any  spontaneous  impulse  in 
I    '  a  determinate  direction,  indcpendcntiy  of  any  foreign  influence. 
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In  this  primitive  sense,  the  term  evidently  applies  to  the  proper 
and  direct  activity  of  any  factdty  whatever,  intellectual  as  ^virell 
as  affective ;  and  it  therefore  does  not  conflict  with  the  tcsnxR 
tnteUigence  in  any  way,  as  we  so  often  see  when  we  spealc  o^ 
those  who,  witlumt  any  education,  manifest  a  marked  talons 
for  music,  painting,  mathematics,  etc.     In  this  way  there    is 
instinct,  or  rather,  there  are  instincts  in  lilan,  as  madi  or  more 
than  in  hrutcs.    If,  on  the  other  hand,  we  describe  intdBga^cic 
as  the  aptitude  to  modify  conduct  in  conformity  to  the  cir— 
camstances  of  each  case, — ^which,  in  fact,  is  the  main  practical 
attribute  of  reason^  in  its  proper  sense, — it  is  more  evident 
than  before  that  there  is  no  other  essential  difference  between 
humanity  and  animality  than  that  of  the  degree  of  devel<^ 
ment  admitted  by  a  faculty  which  is,  by  its  nature,  common 
to  all  animal  life,  and  without  which  it  could  not  even  be 
conceived  to  exist.     Thus  the  famous  scholastic  definition  of 
Man  as  a  reasonable  aninial  offers  a  real  no-meaning,  since  no 
animal,  especially  in  the  higher  parts  of  the  zoological  scale, 
could  live  without  being  to  a  certain  extent  reasonable,  in  pro- 
portion to  the  complexity  of  its  organism.    Tliougfa  the  moral 
nature  of  animals  has  been  but  little  and  very  imperfectly  ex- 
plored, we  can  yet  perceive,  without  possibility  of  mistake, 
among  those  that  live  with  us  and  that  are  familiar  with  us, 
—judging  of  them  by  the  same  means  of  observation  that  we 
should  employ  about  men  whose  language  and  ways  were  pre- 
viously unknown  to  us, — ^that  they  not  only  apply  their  in- 
telligence to  the  satisfaction  of  their  organic  wants,  much  as 
men  do,  aiding  themselves  also  with  some  sort  of  language; 
bnt  that  they  are,  in  like  manner,  susceptible  of  a  kind  of 
wants  more  disinterested,  inasmuch  as  they  consist  in  a  need 
to  exercise  their  faculties  for  the  mere  pleasiure  of  the  exercise. 
It  is  the  same  thing  that  leads  children  or  savages  to  invent 
new  sports,  and  that  renders  them,  at  the  same  time,  liable  to 
^nui,    Tliat  state,  erroneously  set  up  as  a  s|iccial  pri\ilege  of 
human  nature,  is  sometimes  sufficiently  marked,  in  the  case 
of  certain  animals,  to  urge  them  to  suicide,  when  captivity  has 
become  intolerable/    An  attentive  examination  of  the  facts 
therefore  discredits  the  pen^crsion  of  the  word  instinct  when  it 
is  used  to  signify  the  fatality  under  which  animals  are  im- 
pelled to  the  mechanical  performance  of  acts  uniformly  deter- 
minate, iiithout  any  possible  modification  from  corresponding 
circumstances,  and  neither  retiuiring  nor  allowing  any  educa- 

X  8 
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tion,  properly  80  caUed.  ThisgratnitouftsappontionUmdcntly 
a  remuant  of  the  automatic  hypothesis  of  Descartes.  LeroV 
has  demonstrated  that  among  mammifcrs  and  birds  this  ideal 
fixity  in  the  construction  of  habitations,  in  the  seeking  of  food 
by  Imntingi  in  the  mode  of  migration,  etc.,  exists  only  in  the 
eyes  of  closet^naturalists  or  inattentive  observers. 

After  thus  much  notice  of  the  radical  vice  of  all  psycliolo- 
gical  systems,  it  vrould  be  departing  from  the  object  of  this 
work  to  show  how  the  intellectual  faculties  themselves  hare 
becm  misconceived.  It  is  enough  to  refer  to  the  refutation  by 
which  Gall  and  Spurzheim  have  introduced  their  labours :  and 
I  would  particularly  point  out  the  philosophical  demonstra- 
tion by  which  they  have  exliibited  the  condusion  that  sensa- 
tion, memory,  imagination,  and  even  judgment, — all  the  scho- 
lastic faculties,  in  short, — ^are  not,  in  &ct,  fundamental  and 
abstract  faculties,  but  only  different  degrees  or  consecutive 
modes  of  the  same  phenomenon,  proper  to  each  of  the  true 
elementary  phrenological  functions,  and  necessarily  variable 
in  different  cases,  iiith  a  proportionate  activity.  One  virtue 
of  tliis  admirable  analysis  is  that  it  deprives  the  various  meta- 
physical theories  of  their  one  remaining  credit, — ^their  mutual 
criticism,  which  is  here  effected,  once  for  all,  with  more  effi- 
cacy than  by  any  one  of  the  mutually  oppoang  schools. 

Again,  it  would  be  departing  from  the  object  of  this  portion 
of  our  work  to  judge  of  the  doctrines  of  the  schools  by  thcii 
results.  AMiat  these  have  been  we  sliall  see  in  the  next  vo- 
lume ;  the  deplorable  influence  on  the  political  and  social  con- 
dition of  two  generations  of  the  doctrines  of  the  Freno)) 
school,  as  presented  by  Helvctius,  and  of  the  German  psycho- 
logy, with  the  luigoveniablc  / for  its  subject;  and  the  im- 
potence of  the  Scotch  school,  through  the  vagueness  of  what 
it  called  its  doctrines,  and  their  want  of  mutual  oomiection. 
Dismissing  all  these  for  the  present,  we  must  examine  the 
great  attempt  of  Gall,  in  onlcr  to  see  what  is  wanting  in 
phrenological  philosophy  to  form  it  into  the  scientific  consti- 
tution which  is  proper  to  it,  and  from  which  it  is  neccssariiv 
still  more  remote  than  oi^uic,  and  even  animal  physiolog}'. 

.  Two  philosophical  principles,  now  admitted  to 

dortrittL      *    ^  indisputable,  scne  as  the  immoveable  liasis  oi 

Gall's  doctrine  as  a  whole :  m.,  the  innatem^:! 

of  the  fundamental  disix)$itions,  affective  and  intellectual,  and 

the  plurality  of  the  distinct  and  independent  Acuities,  thouj^^li 
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real  acts  asually  require  their  more  or  less  complex  ooncar'-* 
renoe.  Within  the  limits  of  the  hmnan  race,  all  cases  o^ 
marked  talents  or  character  prove  the  first;  and  the  seoondi 
is  proved  by  the  diversity  of  such  marked  cases,  and  by  most 
pathological  states, — especially  by  those  in  which  the  nervous 
system  is  directly  aifectod.  A  comparative  observation  of  the 
higher  animals  would  dispel  all  doubt,  if  an^  existed  in  either 
case.  These  two  principles, — aspects  of  a  smgle  fundamental 
conoeption,-^are  but  the  scientific  escpression  of  the  results  of 
experience,  in  all  times  and  places,  as  to  the  intellectual  and 
moral  nature  of  Man, — ^an  indispensable  symptom  of  truth,  with 
regard  to  all  parent  ideas,  which  must  always  be  connected 
with  the  spontaneous  indications  of  popular  reason,  as  we  have 
seen  in  preceding  cases  in  natural  phflosophy.  Thus,  berides 
all  guidance  from  anal(^,  after  tlie  study  of  the  animal  life^ 
we  derive  confirmation  from  all  the  methods  of  investigation 
that  physiology  admits;  from  direct  observation,  experiment, 
pathological  analysis,  the  comparative  method  and  popular 
good  sense, — ^all  of  which  converge  towards  the  establishment 
of  this  double  principle.  Such  a  collection  of  proofe  secures 
the  stability  of  this  much  of  phrenological  doctrine,  whatever 
transformations  other  parts  may  have  to  undergo.  In  the  ana> 
tomical  view,  this  physiological  conception  corresponds  with  the 
division  of  the  brain  into  a  certain  number  of  partial  oipms, 
symmetrical  like  those  of  the  animal  life,  and,  though- more 
contiguous  and  mutually  resembling  than  in  any  other  nyntem, 
and  therefore  more  adapted  both  for  sympathy  and  synergy, 
still  distinct  and  mutually  independent,  as  we  were  alreray 
aware  was  the  case  with  the  ganglions  appropriate  to  the  ex- 
ternal senses.  In  brief,  the  brain  is  no  longer  an  organ,  but 
an  apparatus  of  organs,  more  complex  in  proportion  to  the 
di^roe  of  animality.  Ihe  proper  object  of  phrenological  phy- 
siology thence  consists  in  determining  the  cerebral  organ  ap- 
propriate to  each  dearly  marked,  simple  dispoation,  affective 
or  intellectual ;  or,  reciprocally,  which  is  more  difficult,  what 
function  is  fulfilled  by  any  portion  of  the  mass  of  the  brain 
which  exhibits  the  anatomiod  conditions  of  a  distinct  organ. 
The  two  processes  are  directed  to  dcvelope  the  agreement  be- 
tween physiological  and  anatomical  analysis  which  constitutes 
the  true  science  of  liring  beings.  Unfortunately,  our  means  aie 
yet  further  from  answering  our  aims  than  in  the  two  preceding 
dirisions  of  the  science. 
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The  scientific  principle  involved  in  the  phre- 
2JJ^J^"^  nologidd  view  is  that  the  functions,  aficctive  and 
intellectual,  are  more  elevated,  more  human,  if 
you  irill,  and  at  tiie  same  time  less  enei^getic,  in  proportion 
to  the  cxdusiTcness  with  which  thq^  belong  to  the  higher 
part  of  the  soological  scries,  their  positions  being  in  portions 
of  the  brain  more  and  more  restricted  in  extent,  and  further 
removed  from  its  immediate  origin, — ^according  to  the  ana- 
tomical decision  that  the  skull  is  simply  a  prolongation  of 
the  vertebral  column,  which  is  the  primitive  centre  of  the  en- 
tire nervous  system.  Thus,  the  hnst  developed  and  anterior 
part  of  the  brain  is  appropriated  to  the  characteristic  facul- 
ties of  humanity ;  and  the  most  voluminous  and  hindmost  part 
to  those  which  constitute  the  basis  of  the  whole  of  the  animal 
kingdom.  Here  we  have  a  new  and  confirmatory  lustauce  of 
the  rule  which  we  have  had  to  follow  in  every  sdenee;  that 
it  is  necessary  to  proceed  from  the  most  general  to  the  more 
special  attributes,  in  the  order  of  their  diminishing  gene- 
rality. We  shall  meet  with  it  again  in  the  one  sdenoe  which 
remains  for  us  to  reriew ;  and  its  constant  presence,  through 
the  whole  range,  points  it  out  as  the  first  law  of  the  dogmatic 
procedure  of  the  positive  spirit. 

A  full  contemplation  of  Grail's  doctrine  convinces  us  of  its 
faithful  representation  of  the  intellectual  and  moral  nature  of 
Man  and  animals.  All  the  psycholc^cal  sects  have  miacou- 
ccivod  or  ignored  the  pre-eminence  of  the  affective  faculties, 
plainly  manifest  as  it  is  in  all  the  moral  phenomena  of  brutes, 
and  even  of  Alan;  but  we  find  this  fact  placed  on  a  scientific 
bads  by  the  discovery  that  the  affective  organs  occupy  all  the 
hinder  and  middle  portion  of  the  cerebral  apparatus,  while  the 
'intellectual  occupy  only  the  front  portion,  which,  in  extreme 
cases,  is  not  more  than  a  fourth,  or  even  a  sixth  part  of  the 
whole.  Tlie  difference  between  Grail  and  his  predeoessors  was 
not  in  the  separation  of  the  two  kinds  of  faculties,  but  that 
they  assigned  the  brain  to  the  intellectual  faculties  alone,  rc- 
gaitling  it  as  a  single  organ,  and  distributing  the  passions 
among  the  organs  pertaining  to  the  vegetative  life, — ^the  heart, 
the  liver,  etc.  Bichat  supported  this  view  by  the  aigument  of 
the  symjiathics  of  these  organs,  under  the  exdtemeut  of  the 
respective  passions;  but  the  variableness  of  the  scat  of  sym- 
pathy, acconling  to  luitive  susceptibility  or  to  accident,  is  a 
sufficient  answer  to  such  a  plea,  and  teaches  us  simply  the  im- 
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portance  of  considering  the  influence  excrdacd  by  the  state  c^ 
the  brain  upon  the  nerves  irhich  supply  the  apparatus  of  tlae 
oiganiclife. 

Next  comes  the  subdivision  established  by  Gall      ujj-;-5n« 
and  Spurzheim  in  each  of  these  two  orders.  The 
affective  fitculties  are  divided  into  the  propensities^  and  th^ 
affections  or  sentiments:  the  first  residing  in  the  hindmost 
and  lowest  part  of  the  brain ;  and  the  other  class  in  the  middle 
portion.     The  intellectual  faculties  arc  divided  into  the  va- 
rious perceptive  faculties,  which  together  constitute  the  range 
of  observation :  and  the  small  number  of  reflective  fiicultics, 
the  highest  of  all,  constituting  the  power  of  combination,  fay 
comparison  and  co-ordination.    The  upper  part  of  the  frontal 
region  is  the  seat  of  these  last,  which  arc  the  chief  diaracte- 
ristic  attribute  of  human  nature.  There  is  a  certain  deficiency 
of  precision  in  this  description;  but,  besides  that  we  may 
expect  improving  knowledge  to  clear  it  up,  we  shall  find,  on 
dose  examination,  that  the  inconvenience  lies  more  in  the 
language  than  in  the  ideas.    The  only  language  we  have  is  de- 
mci  from  a  philosophical  period  when  all  moral  and  even 
intellectual  ideas  were  shrouded  in  a  mysterious  metaphysical 
unity,  wliich  allows  us  now  no  adequate  choice  of  t<arms. 

T^ing  the  ordinary  terms  in  their  literal  sense,  we  should 
misconceive  the  fundamental  distinction  between  the  intelleo- 
tual  faculties  and  the  others.  When  the  former  are  very 
marked,  they  unquestionably  produce  real  inclinations  or  pro- 
pensities, which  are  distinguished  from  the  inferior  passions 
onl^  by  their  smaller  energy.  Nor  can  we  deny  that  their 
action  occasions  true  emotions  or  sentiments,  more  rare,  more 
pure,  more  sublime  than  any  other,  and,  though  less  \ivid 
than  others,  capable  of  moving  to  tears;  as  is  testified  by  so 
many  instances  of  the  rapture  exdted  by  the  discovery  of 
truth,  in  the  most  eminent  thinkers  that  have  done  donour  to 
their  race — ^as  Archimedes,  Descartes,  Kepler,  Newton,  etc 
Would  any  thoughtful  student  take  occasion,  by  such  approxi- 
mations, to  deny  all  real  distinction  between  the  intdlectual 
and  affective  faculties  ?  The  wiser  conclusion  to  be  drawn 
from  the  case  is  that  we  must  reform  our  philosophical  lan- 
guage, to  raise  it,  by  rigorous  prcdsion,  to  the  dignity  of 
scientific  language.  We  may  say  as  much  about  the  subdi- 
vision of  the  aficctivc  faculties  into  propensities  and  senti- 
ments, the  distinction  being,  though  less  marked,  by  no  means 
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less  real.  Apart  from  all  useless  discussion  of  nomenclature, 
we  may  say  that  tbe  real  diflference  has  not  been  clearly 
sdjBcd.  In  a  scientiiic  view,  it  would  suffice  to  say  that  the 
first  and  fmidarocntal  dass  relates  to  the  indindual  alone,  or, 
at  most,  to  the  fSunily,  regarded  successively  in  its  principal 
needs  of  preservation, — such  as  reproduction,  the  rearing  of 
young,  the  mode  of  alimentation,  of  habitation,  etc  Whereas, 
the  second  more  special  dass  supposes  the  existence  of  some 
social  relations,  dther  amon^  individuals  of  a  different  spedes, 
or  espcdaUy  between  individuals  of  the  same  spedes,  apart 
from  sex,  and  determines  the  character  which  the  tendcndcs 
of  the  animal  must  impress  on  each  of  these  rdations, 
whether  transient  or  permanent.  If  we  keep  this  distinctive 
diaractcr  of  the  two  classes  in  view,  it  will  matter  little  what 
terms  we  use  to  indicate  them,  when  once  they  shall  have 
acquired  a  suffident  fixedness,  through  rational  use. 

These  are  the  great  philosophical  results  of  Gall's  doctrine, 
regarded,  as  I  have  now  presented  it,  apart  from  all  vain  at- 
.tcmpts  to  localize  in  a  special  manner  the  cerebral  or  phreno- 
logical functions.  I  shall  have  to  show  how  such  an  attempt 
was  imposed  upon  Oall  bv  the  necessities  of  his  glorious  mis- 
sion: but,  notwithstanding  this  unfortunate  neccsnty,  the 
doctrine  embodies  already  a  real  knowledge  of  human  and 
brute  nature  very  fiur  superior  to  all  that  had  ever  been  offered 
before* 

Among  the  innumerable  objections  which  have 
ObjcetioD^  been  aimed  at  this  fine  doctrine,— considered 
hvu^MMtioiM.  ^^V^  •*  •  whole, — ^the  only  one  whidi  merits 
discussion  here  is  the  supposed  necessity  of  hu- 
man actions.  This  objection  is  not  only  of  high  importance 
in  itself,  but  it  casts  new  light  back  upon  the  spirit  of  the 
thcoiy;  and  we  must  briefly  examine  it  from  the  point  of  view 
of  positive  philosophy. 

Mlieu  objectors  confound  the  subjection  of  events  to  in- 
variable laws  with  their  necessary  exemption  finom  modifica* 
tion,  they  lose  sight  of  the  fact  that  phenomena  become  sus- 
ceptible of  modification  in  proportion  to  their  complexity. 
The  only  irresistible  action  that  we  know  of  is  that  of  weight, 
AiwwcmL  ^l>ich  takes  place  under  the  most  general  and 
simple  of  all  natiural  laws.  But  the  phenomena 
of  life  and  acts  of  the  mind  are  so  highly  complex  as  to  admit 
of  modification  beyond  all  estimate;  ancl,  in  the  intermediate 
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regions,  phenomena  are  under  control  precisely  in  the  oxder 
of  their  complexity.    Gall  and  Spurzheim  have  showa    Iioiir 
human  action  depends  on  the  combined  operation  of  sevorsi 
fiumlties ;  how  exercise  develops  them ;  how  inactivity  wnntca  - 
them ;  and  how  the  intellectual  faculties,  adapted  to  modi^r 
the  general  conduct  of  the  animal  according  to  the  variable 
exigencies  of  his  situation,  may  overrule  the  practical  in— 
fluence  of  all  his  other  Acuities.     It  is  only  in  mania,  wlaesm 
disease  interferes  with  the  natural  action  of  the  faculties,  ihwtt 
fatality,  or  what  is  popularly  called  irresponsibility,  exists.     It 
is  therefore  a  great  mistake  to  accuse  cerebral  physiology  €^ 
disowning  the  influence  of  education  or  l^islation,  because 
it  fixes  the  limits  of  their  power.     It  denies  the  possibility^ 
asserted  by  the  ideology  of  the  French  school,  of  converting* 
by  suitable  arrangements,  all  men  into  so  many  Socrates^ 
Homers,  or  Arclumedes;    and  it  denies  the  imgovemable 
enagy  of  the  /,  asserted  by  the  German  school;  but  it  does 
not  therefore  affect  Man's  reasonable  liberty,  or  interfere  with 
his  improvement  by  the  aid  of  a  wise  education.   It  is  evident 
indeed  that  improvement  by  education  supposes  the  existence     ,^ 
of  requisite  predispositions :  and  that  each  of  them  is  subject  ^ 
to  determinate  laws,  without  which  they  could  not  be  syste- 
matically influenced ;  so  that  it  is,  aftrar  all,  cerebral  phyrio- 
logy  that  is  in  possession  of  the  philosophical  problem  of 
education.    Furthermore,  this  physiology  shows  us  that  men 
are  commonlv  of  an  average  constitution;  that  is,  that,  apkrt 
from  a  very  icw  cxceptionid  organizations,  everyone  possesses 
in  a  moderate  degree  all  the  propensities,  all  the  sentiments, 
and  all  the  elementary  aptitudes,  without  any  one  faculty 
being  remarkably  preponderant.     The  widest  field  is  thus 
open  for  education,  in  modifying  in  almost  any  direction  or- 
ganisms so  flexible,  though  the  degree  of  their  development 
mav  remain  of  that  average  amount  which  consists  very  wdl 
with  social  harmony ;  as  we  shall  have  occasion  to  see  here- 
after. 

A  much  more  serious  objection  to  Gall's  doc-  irjpothetical 
trine  arises  out  of  the  venturesome  and  lately  dirtributkm  of 
erroneous  localization  of  the  faculties  which  he  *«**^*^ 
thought  proper  to  propose.  If  we  look  at  his  position,  we 
shall  see  that  he  merely  used  the  right,  common  to  all  natural 
philosophers,  of  instituting  a  scientific  hypothesis,  in  accord- 
ance with  the  theory  on  that  subject  which  we  examined  in 
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ooimection  with  Physics.  He  fulfilled  the  conclitions  of  this 
theory;  his  subject  being,  not  any  imaginair  fluids,  ethers  or 
'  the  like,  but  tangibU  organs,  whose  hypothetical  attributes 
admit  of  positive  verifications.  Moreover,  none  of  those  who 
have  criticised  his  localization  could  have  proposed  any  less 
imperfect,  or,  probably,  so  well  indicated.  The  advice  of  pru- 
dent mediocrity,  to  abstain  finom  hypothesis,  is  veir  easy  to 
oficr ;  but  if  the  advice  was  followed,  nothing  would  ever  be 
done  in  the  way  of  scientific  discovery.  It  is  doubtless  in- 
convenient to  have  to  withdraw  or  remake,  at  a  subsequent  pe- 
riod, the  hypotheses  to  which  a  science  owes  its  existence,  and 
which,  by  that  time,  have  been  adopted  by  inferior  inquirers 
with  a  blinder  and  stronger  faith  than  that  of  the  original  pro- 
posers :  but  there  is  no  use  in  dwelling  upon  a  liability  which 
I  arises  from  the  infirmity  of  our  inteUigence.    The  practicsl 

I  point  for  the  future  is  that  strong  minds,  prepared  by  a  suitable 

scientific  education,  should  plant  themselves  on  the  two  great 
principles  which  have  been  laid  down  as  the  fotmdation  c^  the 
science,  and  thence  explore  the  principal  nee^s  of  cerebral 
physiology,  and  the  character  of  the  means  by  which  it  inay 
oe  carri^  forwards.  Nor  need  there  be  any  fear  that  the 
science  will  be  held  back  by  such  a  method.  Nothing  pre- 
yents  ns,  when  reasoning,  as  geometers  do,  upon  indetermi- 
nate seats,  or  positions  supposed  to  be  indeterminate,  from 
arriring  at  real  conclusions,  mvolving  actual  utility,  as  I  hope 
to  show,  from  my  own  experience,  in  the  next  volume ;  though 
it  is  eridcnt  that  it  niU  be  a  great  advantage  to  the  exactness 
and  efficacy  of  our  conclusions,  whenever  the  time  arrives  for 
the  positive  determination  of  the  cerebral  organs.  l^Ieantinie 
it  is  dear  that  we  owe  to  Gall's  hypothetical  localization  our 
view  of  the  necessity  of  such  a  course;  and  that  if  he  had 
confined  himself  to  the  high  philosophical  generalities  with 
which  he  has  furnished  us,  he  would  never  have  constituted  a 
science,  nor  formed  a  school ;  and  the  truths  which  we  see  to 
be  inestimable  would  have  been  strangled  in  their  birth  by  a 
coalition  of  hostile  influences. 

1  K«*d«i  •  ^"®  ***  ^^**  ^  ^^®  philosophical  character  of 

™^^      cerebral   physiology.     We   must  next   inquire 

j    ,  what  are  the  indispensable  im]irovemcnts  that 

!    •  it  demands. 

I  First,  we  want  a  fundamental  rectification  of  all  the  organs 

and  faculties,  as  a  necessary  bosis  for  all  furtlier  progress. 
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Tddn^  an  aimtomkul  Tieir  of  this  mstter,  we  aee  that  the 
distribotkm  of  argans  has  been  directed  by  physiological  anm- 
lyaca  alone, — nauaUy  imperfect  and  sapeifidal   ^^^^ 
CDOOgfa, — ^instead  of  bang  subjected  to  anato-  ^.*!^""" 
mical  determinations.    Una  has  entitled  all  ana- 
tomists to  treat  sudi  a  distribution  as  arbitrary  and  loose, 
because^  being  subject  to  no  anatomical  considentioa  about 
the  diflkrenoe  between  an  organ  and  a  part  of  an  organ,  it 
admits  of  indefinite  subdiTiskms,  which  each  phrenoiogiBt 
seems  to  be  aUe  to  multiply  at  will.    Though  the  analysis  of 
fimctions  no  doubt  casts  much  light  on  that  of  cxgana,  the 
original  decomposition  of  the  whole  organism  u»to  systems  of 
organs,  and  those  again  into  single  oigans,  is  not  the  less  in- 
dependent of  physiological  analysis,  to  whidi,  on  the  oontnuy, 
it  must  furnish  a  bans.    This  is  established  in  regard  to  idl 
other  bidogical  studies;  and  there  is  no  reason  why  cerdnral 
inquiries  should  be  an  exception.    We  do  not  need  to  aee  the 
digestive,  or  the  respiratoiy  apparatus  in  action^  before  ana- 
tomy  can  distinguish  them  firmn  each  other :  and  why  should 
it  be  otherwise  with  the  cerebral  apparatus?    The  anatomical 
difficulties  are  no  doubt  much  greater,  on  account  of  the 
resemblanee  and  proximity  of  the  organs  in  the  cerebral  case: 
but  we  must  not  give  up  this  indispensable  analysis  for  such 
a  reason  as  that.    If  it  were  so,  we  must  deqiair  of  oonfening 
t  special  scientific  character  on  phrenological  doctrine  at  all; 
and  we  must  abide  by  those  generalities  alone  whidi  I  have 
just  laid  down.    When  we  propose  to  devdope  the  harmony 
between  the  anatomical  and  the  physiological  analysis  of  any 
case,  it  is  supposed  that  eadi  has  been  separately  established 
and  not  that  the  one  can  be  copied  from  the  other.    Nothing 
therefore  can  absolve  the  phrenologists  from  the  obligation  to 
pursue  the  analysis  of  the  cerebral  system  by  a  scries  of  vigor- 
oos  anatomical  labours,  discarding  for  the  time  all  ideas  of 
function,  or,  at  most,  employing  them  only  as  auxiliaiy  to 
anatomical  exploration.    Sudi  a  consideration  will  be  most 
earnestly  isupported  by  those  plirenologists  who  pcrodve  that, 
in  determining  the  relative  preponderance  of  cadi  oerehral 
oi^n  in  different  subjects,  it  is  not  only  the  bulk  and  weight 
of  the  organ  that  has  to  be  taken  into  the.  acoouut,  but  dso 
its  degree  of  actirity,  anatomically  estimated,  by,  for  instance^   ^ 
the  euei^  of  its  partial  circulation. 
Next,  following  a  distinct  but  paralld  order  of  ideas,  there 
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FhTfiological  must  be  a  piudy  physiological  analysis  of  the 
•auTsUof  various  elementary  faculties;  and  in  this  analy- 
^^®™*^  flisy  which  has  to  be  hannonized  with  the  other, 

every  anatomiod  idea  must  be,  in  its  turn,  discarded.  The 
position  of  phrenology  is  scarcely  more  satisfactory  in  this 
view  than  any  other,  for  the  distinction  between  the  diifcrcnt 
faculties,  intellectual  and  even  affective,  and  their  enumera- 
tion are  conceived  of  in  a  very  superficial  way,  though  incom- 
parably more  in  the  positive  spirit  than  any  metaphysical 
analyses.  If  metaphysicians  have  confounded  all  their  psy- 
cholc^cal  notions  m  an  absurd  unity,  it  is  probable  that  the 
phrenologists  have  gone  to  the  other  extreme  in  multiplying 
elementaiy  functionflu  Gall  set  up  twenty-seven;  which  was, 
no  doubt,  an  exaggeration  to  begin  with.  Spurzheim  raised 
the  number  to  thirty-five;  and  it  is  liable  to  daily  increase 
for  want  of  a  rational  principle  of  circumscription  for  the  re- 
gulation of  the  easy  enthusiasm  of  popular  explorers.  Unless 
a  sound  philosophy  interposes,  to  establish  some  order,  we 
may  have  as  many  faculties  and  organs  as  the  psvcholc^rists 
of  old  made  entities.  However  great  may  be  the  diversity  of 
animal  natures,  or  even  of  human  types,  it  is  yet  to  be  con- 
ceived, (as  real  acts  usually  suppose  the  concurrence  of  several 
fundamental  faculties,)  that  even  a  greater  multiplicity  might 
be  represented  by  a  very  small  number  of  dementary  func- 
tions of  the  two  orders.  If,  for  instance,  the  whole  number 
were  reduced  to  twelve  or  fifteen  well-marked  faculties,  their 
combinations,  binary,  temavy,  quaternary,  etc.,  would  doubt- 
less correspond  to  many  more  types  than  can  exist,  even  if  we 
restricted  ourselves  to  distinguishing,  in  relation  to  the  normal 
degree  of  activity  of  each  fonction,  two  other  degrees,— one 
higher  and  the  other  lower.  But  tiie  exorbitant  multiplica- 
tion of  faculties  is  not  in  itself  so  shocking  as  the  Icvi^  of 
most  of  the  pretended  analyses  which  have  regulated  their 
distribution.  In  the  intellectual  order,  especially,  the  apti- 
tudes have  been  usually  ill-described,  apart  finom  the  organs: 
as  when  a  mathematical  aptitude  is  assigned  on  gromids  which 
would  justify  our  assigning  a  chemical  aptitude,  or  an  anato- 
mical aptitude,' if  the  whole  bony  casket  had  not  been  pre- 
viously parcelled  off  into  irrcmoveable  compartments.  If  a 
man  could  do  sums  according  to  rules  quickly  and  easily,  he 
had.  the  mathematical  aptitude,  according  to  those  who  do  not 
suspect  that  mathematical  speculations  require  any  superiority 
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of  intenect.  Though  the  analyris  of  the  affective  facultiefl^ 
which  are  so  much  better  marked,  is  less  imperfect,  there  ane 
several  instances  of  needless  multiplication  in  that  department;. 

To  rectify  or  improve  this  analysis  of  the  cere-  TC^^w^tn^tym 
bral  fiiculties,  it  would  be  usefid  to  add  to  the  of  hirtoriod 
observation  of  Man  and  society  a  physiological  ^""^ 
estimate  of  the  most  marked  individiud  cases, — espedaUy  in. 
past  times.  The  intellectual  order,  which  most  needs  revinon, 
is  that  which  best  admit  of  this  procedure.  If,  for  instance^ 
it  had  been  applied  to  the  cases  of  the  chief  geometers,  the 
absurd  mistake  that  I  have  just  pointed  out  could  not  have 
been  committed ;  for  it  would  have  been  seen  what  compass 
and  variety  of  faculties  are  required  to  constitute  mathematical 
genius,  and  how  various  are  the  forms  in  which  that  genius 
manifests  itself.  One  great  geometer  has  shone  by  the  saga- 
city of  his  inventions ;  another  by  the  strength  and  extent  of 
his  combinations;  a  third  by  the  happy  choice  of  his  nota- 
tions, and  the  perfection  of  his  algebraic  style,  etc.  We  might 
discover,  or  at  least  verify,  all  the  real  fundamental  intelleo- 
tual  faculties  bv  the  scientific  class  alone.  In  an  inferior  de- 
gree it  would  be  the  same  with  an  analogous  study  of  the 
most  eminent  artists.  This  consideration,  in  its  utmost  ex- 
tent, is  connected  with  the  utility  of  the  philosophical  study 
of  the  sciences,  under  the  historical  as  well  as  the  dogmatical 
point  of  view,  for  the  discovery  of  the  l<^cal  laws  concerned : 
the  difference  being  that  in  this  last  case,  we  have  first  to  de- 
termine the  dementarv  faculties,  and  not  the  laws  of  their 
action :  but  the  grounds  must  be  essentially  analogous. 

Phrenological  analysis  has,  then,  to  be  reconstituted;  first 
in  the  anatomical,  and  then  in  the  physiological  order;  and 
finally,  the  two  must  be  harmonized ;  and  not  till  then  can 
phrenological  physiology  be  established  upon  its  true  scientific 
basis.  Such  a  procedure  is  fairly  begun,  as  we  have  seen,  with 
regard  to  the  two  preceding  divisions  of  our  science;  but  it  is 
not  yet  even  conceived  of  in  relation  to  cerebral  physiology, 
fix>m  its  greater  complexity  and  more  recent  positivity. 

The  phrenologists  must  make  a  much  more  ex-   Ptthokgical 
tensive  use  than  hitherto  of  the  means  furnished   and  Compm- 
by  biological  philosophy  for  the  advancement  of  ^^  vu^ym. 
all  studies  relating  to  living  bodies :  that  is,  of  pathological, 
and  yet  more  of  comparative  analysis.    The  luminous  maxim 
of  M.  Broussais,  which  lies  at  the  foundation  of  medical  phi- 
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loeophyy — ^that  tbe  pbenomena  of  the  pathological  stale  are  a 
simple  prolongation  of  the  phenomena  of  the  normal  state^  be- 
yond the  ordinary  limits  of  variation, — has  never  been  duly  ap- 
plied  to  intcDectual  and  moral  phenomena:  yet  it  is  impossible 
to  understand  anything  of  the  different  kinds  of  madness,  if 
they  are  not  examined  on  this  principle.  Here,  as  in  a  former 
dinsion  of  the  science,  we  see  that  the  study  of  malady  is  the 
wav  to  understand  the  healthy  state.  Nothing  can  aid  us  so 
well  in  the  discovery  of  the  fundamental  faculties  as  a  judi- 
dous  study  of  the  state  of  madness,  when  each  faculty  mani* 
fests  itself  in  a  d^ree  of  exaltation  which  separates  it  dis- 
tinctly from  others.  There  has  been  plentiful  study  of  mono- 
mania; but  it  has  been  of  little  use,  for  want  of  a  due  con- 
nection and  comparison  with  the  normal  state.  The  works 
that  have  appeared  on  the  subject  have  been  more  literary  than 
scientific;  those  who  have  had  the  best  opportunity  for  obser- 
vation have  been  more  engaged  in  governing  their  patients 
than  in  analysing  their  cases;  and  the  successors  oS  Find 
have  added  nothing  essential  to  the  ameliorations  introduced 
by  him,  half  a  century  ago,  in  regard  to  the  theory  and  treat- 
ment of  mental  alienation.  As  for  the  study  of  animals,  its 
use  has  been  vitiated  by  the  old  notions  of  the  difference  be- 
tween instinct  and  intelligence.  Humanity  and  animality 
ought  reciprocally  to  cast  light  upon  each  other.  If  the  whole 
set  of  faculties  constitutes  the  complement  of  animal  life,  it 
must  siurcly  be  that  all  that  are  fundamental  must  be  common 
to  all  the  sujperior  animals,  in  some  degree  or  other :  and  dif- 
ferences of  intensity  are  enough  to  account  for  the  existing 
diversities, — ^the  association  of  the  faculties  being  taken  into 
the  account,  on  the  one  hand,  and,  on  the  other,  tiie  improve- 
ment of  Man  in  society  being  set  aside.  If  there  are  any  fa- 
culties which  belong  to  Man  exdusivdy,  it  can  only  be  such 
as  correspond  to  the  highest  intellectual  aptitudes :  and  this 
much  may  appear  doubtAil  if  we  compare,  in  an  unprejudiced 
way,  the  actions  of  the  highest  mammifers  with  those  of  the 
least  developed  savages.  It  seems  to  me  more  rational  to  sup- 
pose that  power  of  observation  and  even  of  combination  exists 
in  animals,  though  in  an  immeasurably  inferior  degree ; — ^tlic 
want  of  excrdse,  rcsidting  chiefly  from  their  state  of  isolation, 
tending  to  benumb  and  even  starve  the  organs.  Much  might 
be  learned  from  a  study  of  domestic  animals,  though  they  arc 
fiir  from  bdng  the  most  intelligent.    Much  might  be  learned 
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bjr  comparing  their  moral  nature  now  with  what  it  was    m& 
periods  nearer  to  their  first  domestication;  for  it  would    be 
strange  if  the  dianges  that  thejr  have  undergone  in  so  many 
physical  respects  liad  been  unaccompanied  by  variations  in  tiao 
functions  which  more  easily  than  any  others  admit  of  modifi* 
cation.    The  extreme  imperfection  of  phrenological  science  is 
manifest  in  the  pride  with  which  Man,  from  the  height  of  his 
supremacy,  judges  of  animals  as  a  despot  judges  of  his  sub— 
jocts;  that  is,  in  the  mass,  without  perceiving  any  inequality 
in  them  wotth  noticing.     It  is  not  the  less  certain  that,  siur* 
^-eying  the  whole  animal  hierarchy,  the  principal  orders  of  this 
hierarchy  sometimes  differ  more  from  each  othcr^  in  intdleo* 
tnal  and  moral  respects,  than  the  highest  of  tliem  vary  from 
the  human  type.    The  rational  study  of  the  mind  and  the 
ways  of  animals  has  still  to  be  instituted^ — ^nothing  having 
yet  been  done  but  in  the  wav  of  preparation.    It  promises  an 
ample  han'cst  of  important  discovery  directly  applicable  to  the 
advancement  of  the  study  of  Man,  if  only  the  naturalists  wiU 
disregard  the  declamation  of  theologians  and  metaphysicians 
about  their  pretended  degradation  of  human  nature^  while 
thc^  arc^  on  the  contrary,  rectifying  the  fundamental  notion 
of  it  by  cstablisliing,  rigorously  and  finally,  the  profound  dif- 
ferences which  positively  separate  us  from  die  animals  nearest 
to  us  in  the  scale. 

The  two  laws  of  action, — ^intermission  and  as-  i^^i  of  •ction. 
sociation, — ^require  much  more  attention  than 
they  have  vet  received  in  connection  with  cerebral  physiology. 
The  law  of  iiitcrmittence  is  eminently  applicable  to  the  func- 
tions of  the  brain, — ^the  symmetry  of  the  organs  being  borne 
in  mind.  But  this  great  subject  requires  a  new 
examination,  seeing  that  it  is  requisite  for  science  ^dowitiMSr 
to  reconcile  their  evident  intcrmittence  with  the  «>«""™v- 
perfect  continuity  that  seems  to  be  involved  in  the  conneo- 
tion  which  mutually  unites  all  our  intellectual  operations^ 
from  earliest  infancy  to  extreme  decrepitude,  and  which  can- 
not be  interrupted  by  the  deepest  cerebral  perturbations^  pro- 
vided they  are  transient.  This  question,  for  which  metaphy- 
sical theories  allowed  no  place,  certainly  offers  serious  diffi- 
culties :  but  its  positive  solution  must  throw  great  light  upon 
the  general  course  of  intellectual  acts.  As  for  tlie  association 
of  the  faculties,  in  sympathy  or  synei^,  the 
physiologists  bc^in  to  understand  its  high  im- 
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portance^  though  its  general  laws  have  not  yet  been  scientifi- 
cally studied.  Without  this  consideration,  the  number  of  pro> 
pensitiesy  sentiments,  or  aptitudes  would  seem  to  be  susceptible 
of  any  degree  of  multiplication.  For  one  instance,  iuTestiga- 
tors  of  human  nature  have  been  wont  to  distinguish  various 
kinds  of  courage,  under  the  names  of  civil,  military,  etc., 
though  the  original  disposition  to  brave  any  kind  of  danger 
must  always  be  uniform,  but  more  or  less  directed  by  the  un- 
derstanding. No  doubt,  the  martyr  who  endures  the  most 
horrible  tortures  with  unshaken  fortitude  rather  tHan  deny  his 
comictions,  and  the  man  of  science  who  undertakes  a  peril- 
ous experiment  after  having  calculated  the  chances,  might  flv 
in  the  field  of  battle  if  oompeUcd  to  fight  for  a  cause  in  whicL 
dicy  felt  no  interest ;  but  not  the  less  is  their  kind  of  courage 
the  same  as  that  of  the  brave  soldier.  Apart  from  inequaUties 
of  decree,  there  is  no  other  difference  than  the  superior  influ- 
ence of  the  intellectual  fiumlties.  Without  the  diverse  cere- 
bral synergies,  either  between  the  two  great  orders  of  fisuniltics, 
or  between  the  different  functions  of  each  order,  it  would  be 
impossible  to  analyse  the  greater  proportion  of  mental  actions ; 
and  it  is  in  the  positive  interpretation  of  each  of  them  by  such 
association  that  the  application  of  phrenological  doctrine  will 
chiefly  consist,  when  such  doctrine  shall  have  been  scientifi- 
cally erected.  When  the  elementary  analysis  shall  have  been 
instituted,  allowing  us  to  pass  on  to  the  study  of  these  com- 
poimd  phenomena,  we  may  think  of  proceeding  to  the  more 
delicate  inquiry  whether,  in  each  cerebral  organ,  a  distiuct 
part  is  not  especially  apjiropriate  to  the  establishment  of  these 
syneigies  and  sympathies.  Some  pathological  obsen'atioiis 
have  given  rise  to  this  suspicion, — ^ihe  grey  substance  of  the 
brain  appearing  more  inflamed  in  those  perturbations  which 
affect  the  phenomena  of  the  will,  and  die  wliite  in  those  which 
relate  to  intellectual  operations. 

Umt  J  of  the  ^  ^^  existing  phrenology  isolates  the  cerebral 
brain  and  ncr>  functions  too  mucn,  it  is  vct  more  open  to  re- 
▼out  lyatcm.  proach  for  separating  the  brain  from  Uie  whole 
of  the  nenous  system.  Bichat  taught  us  that  the  mtellcctual 
and  affective  phenomena,  all-important  as  th^  are,  constitute, 
in  the  whole  system  of  the  animal  economy,  onlv  an  interme- 
diate agency  between  the  action  of  the  external  world  upon 
the  animal  through  sensorial  impressions,  and  the  final  reac- 
tion of  tlie  animal  by  muscular  contractions.    Now,  in  the 
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present  state  of  phrenological  phjaiologjr^  no  positiTe  cojaoep* 
tion  exists  with  regard  to  the  relation  of  the  aeries  of  oer^ebx-aQ 
acts  to  this  last  necessary  reaction.    We  merely  suspect    tifxA^ 
the  spinal  marrow  is  its  immediate  organ..  Even  if  cenelnral 
physiology  carefully  comprehended  the  whole  of  the  ner-v-oiztf 
^stem,  it  would  still,  at  present,  separate  it  too  much  finoxza 
iaxe  rest  of  the  economy.  AMiile  righU^  discarding  the  anraexi^ 
error  ahout  the  seat  of  the  passions  hcmg  in  the  oi^gans  gT  tJie 
Y^tative  life,  it  has  too  much  ni^ccted  the  great  influezicde 
to  which  the  chief  intellectual  and  moral  functions  are  subject 
from  other  physiological  phenomena;  as  Cabanis  pointed  out 
so  emphatic»iUy,  while  preparing  the  way  for  the  philosophicaZ 
revolution  which  we  owe  to  GalL 

We  have  now  seen  how  irrational  and  narrow  is  the  way  is 
which  intellectual  and  moral  physiology  is  conceived  of  ancl 
studied :  and  that  till  this  is  rectified,  the  science,  which  realljr 
appears  not  to  have  advanced  a  single  step  since  its  institution, 
cannot  make  any  true  progress.    We  see  how  it  requires^ 
above  even  the  other  branches  of  physiology,  the 
preparation  of  scientific  liabits,  and  famUiarity  5TK™£J^ 
with  the  foregoing  departments  of  natural  philo-      *T»»oK«y- 
sophy ;  and  how,  from  its  vicious  isolation,  it  tends  to  sink  to 
the  level  of  the  most  superficial  and  ill-prepared  minds,  whidi 
will  make  it  the  groundwork  of  a  gross  and  miscliievous 
quackery,  if  the  true  scientific  inquirers  do  not  take  it  out  of 
their  hands.    No  inconveniences  of  this  kind,  however,  should 
bUnd  us  to  the  eminent  merits  of  a  conception  which  will  ever 
be  one  of  the  principal  grounds  of  distinctiox^  of  the  philo- 
sophy of  the  nineteenth  ccntuxy,  in  comparison  nith  the  one 
which  preceded  it. 

Looking  back,  on  the  completion  of  this  sur- 
vey of  the  positive  study  of  liring  bodies,  we  see     5^m*i«** 
that,  imperfect  as  it  is,  and  unsatisfactory  as  are  ^^' 

the  parts  which  relate  to  life,  com|)arcd  with  those  which  re- 
late to  organization,  still  the  most  imperfect  have  begun  to 
assume  a  scientific  character,  more  or  less  clearly  incUcated, 
in  proportion  to  the  complexity  of  the  phenomena. 

We  have  now  sun'cycd  the  whole  system  of  natural  phi- 
losophy, from  its  basis  in  mathematical,  to  its  termination  in 
biological  philosophy.  Notwithstanding  the  vast  interval  em« 
braced  by  these  two  extremities,  we  have  passed  through  the 
^thole  by  an   almost  insensible  gradation^  finding  nothing 
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hypothetical  in  the  transition,  through  chemistry,  firom  in- 
]tcf,^,,Mct  of  organic  to  organic  philosophy,  and  verifying  as 
Katurd  Phi-  vc  procccdcd  the  rigorous  continuity  of  the  sy. 
^otofhj.  stem  of  the  natural   sciences.     That  system, 

though  oomprdiending  all  existing  knoirledge,  is,  hoirever, 
still  incomplete,  leaving  a  wide  area  to  the  retrograde  influ. 
ence  of  the  theologico-mctauhysical  philosophy,  to  which  it 
abandons  a  whole  order  of  ideas,  the  most  immediatelv  appli- 
cable  dT  all.  There  is  yet  wanting,  to  complete  the  Dody  of 
positive  philosophy,  and  to  organize  its  universal  preponde- 
rance, the  subjection  to  it  of  the  most  complex  and  special  phe- 
nomena of  all, — ^those  of  humanity  in  a  state  of  association. 
I  shall  therefore  venture  to  propose  the  new  science  of  Social 
Physics,  which  I  have  found  myself  compelled  to  create,  as 
the  necessary  complement  of  the  system.  This  new  science  is 
rooted  in  biology,  as  every  science  is  in  the  one  which  precedes 
it;  and  it  will  render  the  body  of  doctrine  complete  and  indi- 
visible, enabling  the  human  mind  to  proceed  on  positive  prin- 
ciples in  all  directions  whatever,  to  which  its  actintv  may  be 
incited.  Imperfect  as  the  preceding  sciences  are,  th^  have 
enough  of  the  positive  character  to  render  this  \jBst  transfor- 
mation possible :  and  when  it  is  eflTcctcd,  the  way  will  be  open 
for  their  Aiture  advancement,  through  such  an  organization  of 
scientific  labour  as  must  put  an  end  to  the  intellectual  anarchy 
of  our  present  condition. 
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PROSPECTUS. 


Tlie  '  WnTanvsTXS  Bktiew'  it  dnigned  m  an  iBttrunwiit  lor  the 
dcrdopownt  and  gukUnc«  ot  carneat  thought  on  Politicis  Social  Philo- 
•ophj,  Religion,  and  General  literature ;  and  ia  tho  organ  of  tho  moat 
able  and  independent  minda  of  the  day. 

Tlie  fimdamental  prineiple  of  the  work  ia  the  xeoognition  of  the  Law 
ofProgrets.  IneonJbnmitjrwith  thia  principle,  and  with  the  eomeqoent 
conriction  that  attcmpta  at  reform — ^tliongh  modified  bj  the  experience 
of  tlie  paat  and  the  conditiona  of  the  preeent — thonld  be  diieotcd  and 
animated  bj  an  advancing  ideal,  the  Editor*  seek  to  maintain  a  ateadj 
comparison  of  the  actual  with  the  poeaible^  aa  the  moet  powerful  stimulus 
to  improremcnt.  Nerertlidcsa,  in  the  ddiberato  advocacy  of  organic 
changes,  it  will  not  bo  forgotten,  that  the  institntiona  of  man,  no  less 
than  the  prodncta  of  nature,  are  strong  and  durable  in  proportion  as 
tliey  aro  the  results  of  a  gradual  derdopment,  and  that  the  most  sahitaiy 
and  permanent  reforms  aro  those  which,  wldle  embodying  the  wisdom 
of  tlie  timc^  yet  sustain  such  a  rdation  to  the  moral  and  intdlectual  con- 
dition of  the  people  aa  to  ensure  their  tuppoct. 

Ihe  BcTiew  gircs  especial  attention  to  that  wide  range  of  topics  whicii 
may  be  included  under  the  term  Social  Fhiloaophy.  It  endearours  to 
form  a  dispassionate  estimate  of  the  diTcrse  theories  on  these  subjects, 
to  giro  a  definite  and  intelligible  Ibrm  to  the  chaotio  mass  of  thought 
now  prcraknt  conocming  them,  and  to  ascertain  both  in  what  degive 
the  popular  cflbrts  after  a  more  pericct  social  state  are  countenanced  by 
the  teachings  of  politico-economical  science,  and  how  iar  they  may  be 
sustained  and  promoted  by  the  actual  dutfacter  and  culturs  of  tlie 
people. 

In  the  department  of  politics  careful  consideration  is  given  to  all  the 
most  vital  questions,  without  regard  to  the  distinctions  of  patty;  the 
only  stamlard  of  consistmcy  to  which  tlie  Editors  adliere  being  the  ml, 
and  not  the  accidental,  relations  of  measures,—their  bearing,  not  on  a 
ministiy  or  a  class,  but  on  tlie  public  good. 

In  the  treatment  of  Religious  Questions  the  Review  unites  a  spirit  of 
reverential  sympathy  for  tlie  ehcrislicd  aMOciations  of  pure  and  devated 
minds  with  an  micompromising  pursuit  of  truth.  Tlie  dements  of  eccle- 
siastical authority  and  of  dogma  are  fcailessly  examined,  and  tlie  results 
of  the  most  advanced  Biblical  critirium  arc  discussed  without  reservation, 
umlcr  tlie  conviction  that  religion  lias  its  foundation  in  mau*s  natun*. 
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and  win  onl^-  diicani  an  old  foim  to  Mnime  and  ntaUse  one  more  aA|WL<e»- 
UTO  of  it«  cnenoe.  Vliile,  howerer,  the  Editort  do  not  ihinik  finooa  tlia 
ezpnetion  of  vhat  tliej  bdiere  to  be  tound  negatire  Tieirt^  tlicy  eqvMllj' 
bear  in  mind  tlie  pre-eminent  importance  of  a  oonatruetrre  reiigicHis  phi* 
loeophjy  at  connected  with  tlie  derelopaient  and  activitj  of  the  moral 
nature,  and  of  thoae  poetic  and  emotional  dementi^  out  of  whioh  proceed 
onr  noblcet  aspirations  and  the  essential  beaut/  of  life. 

In  the  department  of  Genml  literature  the  criticism  is  animeted  hj 
the  desire  to  derate  the  standard  of  the  public  taste^  in  rdatioa  both  to 
artistic  perfection  and  moral  puritj ;  larger  space  is  alTorded  for  artadee 
intrinsicall J  raluable,  bj  the  onussion  of  those  minor  and  miscdlaneoiia 
notices  wliich  are  neocssarilj  forestalled  bj  newspapers  and  magarfnes^ 
and  equivalent  information  is  giren  in  a  single  article  showing*  the  course  . 
of  literary  production  during  each  preceding  quarter.    Hie  Fore^  8ee- 
tion  of  the  Reriew  is  also  condensed  into  an  Historical  Surrey  of  the 
noTcltics  in  Continental  and  American  Literature  which  hare  appeared 
in  the  same  interraL 
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COVTBKTS  OF  No.  XXXAI.,  NOTSXBSS,  1868:— 
I..  Lepsius's  Letters  from  Egypt^  etc 
II.  Thackeray's  English  Humourists. 
nL  The  Eddaa. 
IT.  Kaster  and  Man. 
T.  Maurice's  Theological  Essays. 
VI.  Newman  on  the  Moral  Perfection  of  Christ 
The  *PRoePECTiTS  Review'  is  dcroted  to  a  free  theology  ind  the 
moral  aspects  of  literature.    Under  the  conriction  tliat  lingering  influ- 
ences from  the  doctrine  of  rcrbal  inspiration  are  not  only  depriving  the 
primitire  records  of  the  Gospel  xtf  their  true  interpretation,  but  eren 
L*      destroying  faith  in  Cliristiauity  itself,  the  work  is  conducted  in  the  eon* 
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fldcnce  that  onlj  a  Uring  mind  and  heart,  not  in  bondage  to  anj  letter, 
can  Tcce%rt  the  liring  spirit  of  lerelation ;  and  in  the  lerrcnt  hdief  that 
for  an  siich  ik^n  is  a  true  Ooapel  of  God,  wliirh  no  critical  or  hiatorical 
•peculation  can  diicredit  or  destroy,  it  aims  to  interprot  and  reprefcnt 
Spiritual  ChriatianitjT  in  its  character  of  the  uuirertal  religion.  Fullr 
adopting  the  fcntimcnt  of  Coleridge,  tliat  '*  the  excrciie  of  the  rcaaoning 
and  rHIcctire  powers,  increasing  insight,  and  enlai^ging  ticws,  are  requi- 
site to  keep  alire  the  subiitantial  liiith  of  the  heart,**  with  a  grateful 
appKciation  of  the  labours  of  laithfhl  predeceesors  of  all  churches, — it 
esteems  it  tlie  part  of  a  true  rererenee  not  to  rest  in  their  oonehisions, 
but  to  tliink  and  lire  in  their  spirit.  By  the  name  *PBoaPiCTiTX  Ri- 
Tiiw,*  it  it  intended  to  l»y  no  claim  to  difcoreir,  but  simplj  to  express 
the  desire  and  the  attHnJe  of  Progrets ;  to  suggest  continuaUjr  the  dutj 
of  using  past  and  present  as  a  trust  for  tlie  future ;  and  openly  to  diMnru 
the  idolatrous  conscrrattsm,  of  whaterer  lect,  wliich  makes  Christianity 
but  a  lilckM  fonnola. 


THB 


NORTH  A3IERICAN  REVIEW. 


COKTS2rT8  OF  Xo.  CLXI.,  OCTOBBB,  1853: — 


I.  The  Society  of  the  Cincinnati. 
II.  The  Life  oY  Thomas  Cole. 
III.  The  Early  Ilistoiy  of  MasM- 

chusetts. 
IT.  Ruftfell*s  Memorials  of  Fox. 
T.  Charies Pickens:  Bleak Uouie. 


TI.  Cinals  of  Irrigation  in  India. 
VII.  Cnde  Tam*s    Cabin:    Tlie 
Pustfible  Amelioration  of 
Slarerr. 
Vm.  Mary  Tudor. 
IX.  Critu*al  Notices. 


THB 


CHRISTIAN  EXAMINER, 

9nb  Urltgions  flliirtllaii|. 


CoxTESTS  OF  No.  CLXXIX..  Sbptbvbbe,  1853:^ 


I.  Kwa)d*»  Hebrew  PtM-try. 
II.  Eliot *s  Lectufvs  to  Vouug 
Men. 
III.  Clirint    the    Head    of    the 
Cliureli. 


IV.  l\-ter*«  Doctrine  of  tlw  La»t 

Tilings. 
V.  Oenimn  Lyrica. 
yi.  ItiititninliMii  and  Relipon. 
VII.  i1iri»liauitv  aud  SevulariMu. 


-^<5^-c^ 


^^^^^ 
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CHAPMAN'S  QUABTERLY  SEBF 


€|apman's  ^iiartcrlg  Scries. 


PUBLISHED  BT  SUBSCKIPTIOir. 

ForR  VoLFMES  iv  Ljlsob  Post  Octavo,  fob  £I  fbb 
PAYABLE  IX  ADVANCE. 


CiiapxaVi  QrAVTESLT  Series  U  Ulemded  io  eontUt  of  IPSm^Sv    ^fr 

learned  and  profouHd  tkinken^  emhraciiig  the  eubjeeie  ^ 

THEOLOOT,  PHILOSOPHY,  BIBUGAL  CBITICISJH; 

ASTD 

THE  HISTOBY  OF  OPINIOH. 

AOer  1853,  an  cndcarour  will  be  inado  to  i«fue  tlic  toIiuiim  regukrljr  jrC 
Quiirterljr  intcTvals^  tu.. 

In  Marcliy  June,  September,  and  December* 

Yoluincf  I.  to  IV.  are  iiow  ready. 

SubMTiptioiis  for  1851  and  subsoqticut  yi!ar«  will  be  reccircd  until  the 
l»t  51arch  of  «ach  year.  ^ 

Siib«i'rij)tion8  paid  in  anvar  of  t1ie«e  datot  will  bi*  raided  to  £1. 1«.  i 

The  pncv  of  each  work  to'niou-Sub«i-ribori  will  be  announced  at  tlie  ' 

time  of  publiaitiou.  It  will  vary  aeeorduig  to  the  tixe  of  the  re»|)oetiTe 
vohuncft,  but  will  be  on  tlie  average  9«.  ^kt  volume,  to  that  a  lai^  Mviiig 
will  be  eflivted  by  annual  Subiwribera.  / 


/ 


No.  I. 
Tbrisn,,  AthfisRi^  nnd  Ihf  Po|iular  Tlifolo^',     Sermons  by 
TIIKODOHE    I'ABKER,  Author  of  *  A  Piicourae  of  Matt^ra 
.  ix'rtatuiii;;  to  Rv-ligiou/  etc.     A  Portrait  of  the  Author  engraved 

on  «tiv]  i«  pri'fixed.  Price  to  nou-Subseribera  9«.  P.  1«. 
Tlie  aim  of  thi«  work  u  defined  by  its  author  at  the  beginning  of  tlie 
first  Dii^couKk*  a«  follow*: — "I  pro)xwe  to  «|)eak  of  AtlKn»ni,  of  the 
)V)>ular  Tliwlo^iy,  and  of  jjuw  Theism.  Of  eJicli  tir»t  a$  a  Tlieory  of  the 
riiivor»e,  and  then  a«  a  Principle  of  Pmctieal  Life;  fin»t  a»  Speculative 
Piiilo(^o]>)iy,  then  a«  Practical  Ethica." 

practical,  addmMing  Ihoir  areament  to 
voiiituon  aeiise.  Ath<*i£iu  aud  I  lie  iMipular 
tlu*«>lo);r  are  oihiUli'd  iu  Ibeir  repubiva 
rt-luti(«tti  to  i'oiuiuon  life,  while  frum  iha 
Iteltt-r  iHtucepiiuo  of  «li\iue  thinufi,  of 
wfaicb  the  writer  iMlhechicfaiMMile,  there 
i«  kbowu  to  an»e,in  natural de%elo|Moettt, 
the  IruMquil  peeurity  uf  re1ifn«>iu  Inul, 
^uiduii4.-e  aiid  faiulurt  in  all  iMK'ial  dutj, 
and  the  flear  hone  uf  the  world  locimie.'* 


**To  n*a1  Ihiiikem  and  to  the  miuivtrra 
of  the  Chrinliuu  (tt»ii}>t*l  we  eiuphatifaUr 
MV— Iteud  tht'iu,  (Farkor'a  b«M>k«>)  autl 
ri<'dii>t  ou  them  .  .  .  ibert*  are  islaritw* 
Imrat*  uf  eKM)Ueiiee.  fla*hiu|;4  of  true  ge- 
uiuM." — .VuM<*  \tfof*i*itt. 

**C«>m)»Hr«*d  with  the  »ermoii«  which 
issue  friMii  the  iiiitj«»nty  of  pulpiu,  thi«  Viv 
lunie  i«  a  treasure  «4'  w*i»Joiu  uud  bt'auty." 
— Li''iJrr. 

**Thtf  method  of  the*e  di^eourw*  i« 


I 


iOr^^^s^ 
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MR.  ClIAPMAX^S  PUBUCATIOXS. 


A  Bi^torjr  of  iht  Ifbrrw  lomirrlgf  from  the  Adiniiit^tration 
of  ShiiiwI  to  tlie  BabvlonifJi  CViplivitv.  Bv  FRANCIS  WILLIAM 
NKWMAX,  fonmrlj  Follow  of  BaUiolColk^NOsfora,  iind  Author 
of  *  Tlic  Soul ;  its  Sorrow*  mid  A«tnnitioii«»*  i-tc.  Second  EUtiiou^, 
Price  to  noii-Sub«cribcrt  8».  6^.    P.  U. 

''Thin  worii  prraratt  tKe  mrnht  with*  |  1UIitVi«1*1i  optivity    anwar,  wndrr  lh« 
out  fh«>  «Mlenlatiim  uf  rriHwit* k,  mid  with  j  attlliur*atmilmMil,i»Dliin|{rrei(vpCiiNHiU 


•ml  thMvAiffv  mmwcd  IWmi  the  mfphen  uf 
our  uiMkfwIaudins  and  mimMlhT,  Imt  at 
iwrt  «ir  the  aame  «rb  villi  tit  mt  of  thd 
wurld'a  wimdmiM  kiatiirf ."  —  Jimtj^u^t 
C*fUfl4^e  ^  ytr.  dfrji«Nt«*«  PmklimihtM. 
**  It  U  Irulr  rrflmdiinK  lo  And  Jrwiah 
hMtorr  trraied,  ■•  in  tW  vohiinr  Itetim 
a*,  acv^ifdinir  to  the  mlra  of  amiiMl  niti- 


«,  the  ,  vtimi  llM  raniTP  «>r «irtlinanr  •clioliir»hi|>,  to 
II,  Ihr  '  thrtaakof  eomliinincand  Milcrpivliiiis  the 
■nd  in  antique  and  lh^EnM«ntanr  rvrurds  mhk'h 
ihe  fo- 1  contain  the  onhr  matemli  fur  hla  work." 


perfcft  frtHHloin  of  criticiimi  unite*  a  ns 

>%»n*nt  an.l«ympntlietii*«|»tril.  It  i«(H|iiidly 

ailaple*!  lo  'gnH\e  tlie  »tu«l«*nt,  and  to  iu> 

t«*r<nit  thtme  who  are  familiar  with  the 

wrilcr'a  Multjei'l,  and  ran  thrn'Rire  dulr 

estimate  hi*  acinirM^*  and  oomiwrhemiive. 

nc«i.  ami  the  ikiuiulne**  of  nia  ttrijniuil 

Miceofttiona.  .  .  .  The  entire  work  »  an  ^ 

alik'  alli*in|tt  to  reiid(*r  inteUtinMe  ami  in>  i  tnnau  and  piud  aente. . . .  The  )>nli!teBlion 

ton«<(liiie  a  portion  of  lii«tory  which  in  j  ofanrh  a  n«irk  mill  ftwrnanefwrh  inUiUli- 

Kn^rlnutl  haa  lH*en  c>Hn|tarali«elr  Be;!leci-  '  cal  literatttrein  thta  iHMintrjr.'*-— /uf  «rfrre. 

etl  an«l  little  umler«t«t(Ml.    The'atrujriflea  I     **  The  Author  haa  Imwtfht  •  Terr  aente 

ami  !iiuve««eii  4if  Da\id,  the  rulniiiittlion  '  mind,  familiar  with  lniowied|ee  tkal  k  be- 

of  If elir^*w  pnH|»eritT  umler  Stknmm,  the  ,  yond  the  ranire  or«irtlinarY  acholar^hiit,  to 

MiliiNiiiH»nt  divi«i<m'of  the  kins«l«ini,  t* 

revolution  in  iHrnel  umler  Jehu,  and 

•ludi*a  under  the  prie*t  Jehotmln.  the !_       

riMirn  alliamt**  and  ho«ttliti«*«  of  the  na-  '  — Prmtifrlirf  Meririr. 
ti«m.  wiih  th«*ir  1*eariuic  on  itn  reli|pott«  **  Thia  liook  mu«t  lie  repinled.  we  think, 
develi>|mienl,  the  niini«tiy  of  the  fit^v  ,  aathemnalxnlualdecviitnlmtitHi  ever  made 
|iliet«,  fVom  the  ekiauent  renionstrancea  in  the  EnizKnh  laniEiMge  to  our  meun*  of 
of  J«iel  to  the  hopefiu  straina  of  the  Inter  underMandinff  that  piHlMNi  of  Helirew 
I«niiih— «]1  the  rhequere«l  Airtunea  of  the  llirturr  lo  whk^i  H  ivlnlea.'*— JfuaMMA*. 
ll«*Urew  people,  from  the  time  when  tker  9etU  HiMritHg  Eerier, 
took  n  km|[  •  Uke  aU  the  natiooa.*  to  tW  1 

*  P(*rM>ii«  who  alrvatW  poMo#s  the  Fir»t  Edition  of  this  mA  may 
obtain  tlw  oilier  tluve  rolunict  for  1853  by  fubiPcribuig  1S#. 

Not.  in.  and  IV. 
Thf  PMilhf  Phil*Mphjr  •f  Au|;«!(te  C«iitf,  freoly  Translated 
•nd  ConiUn#i>l  hy  UARRIET  MABTI>'£AU.    PHoe  to  non- 
Subfcribort  I6f. 

Tlu*  following  oxi  met*  from  an  aHirle  (undor»too4l  to  be  by  Sir  Darid 
Bi\*ii«'>tcr)  which  ap|>eaml  in  tlie  Kdinbttrgk  Serietc  will  give  tome  idea 
of  tlic  aim  and  eliaraetcr  of  this  ci'lrbratej  work  :-^ 

"A  work  of  profound  «<*ii*n€Hr,  marked  with  pvat  acuteneM  ofrrafon- 
ing,  and  eonKpimonit  for  the  higlu^^t  attribule*  of  iiilflli\*tiial  {xywer.  It 
cownrclKmiU  Matue vatic*,  AitTRONOVT,  Pht»1(^,  and  CaEXifTKT, 
or  the  acieneei  of  Ittorgattic  Bodiet^  \  and  Potuologt*  and  Social 
PiiTHTca,  or  tlie  «eii*nce«  of  Otyanic  Bodiea. 

"  Tnder  tlie  liead  of  Soi^ial  Physics  the  autlior  tivats  of  the  general 
KtruHniv  of  human  locictie*,  of  the  fundamental  natural  law  of  tlie  de- 
TelopnKtit  of  tlie  human  »|Kx*ios,  and  of  tlie  progr»»  of  eiviUxation.  This 
lii#t  S«vtioii  is  subdiviikxl  into  three  iNvds— llie  Theological  Epoch, 
tlie  METAritTsiCAL  Epoch,  and  tlie  Positite  EpocH—the  first  of  these 
embraeing  FsTiciiisv,  Poltthbish,  and  Moxotheisx.'* 

Befcrring  to  tlie  Astronomical  part  of  the  woiHk,  the  Beriewer  sajs* 


^^ 


-€^5^€^ 
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CIUPMAyS  Qr ABTEBLY  SERIES. 


**\rc  coiild  hare  wi^liod  to  place  before  otir  rniden  eome  fpeciiociift  of 

our  author**  iiianncr  of  tnntiiifr  tlic#c  dillicuU  and  decplj  intctvutin^ 

topic*— of  Ills  fthnplc,  yet  pow<.*rful  eloquence — of  his  cnt  nu«ia»tir  admi- 

ration  of  intellect lul  mpcriority— of  liia  accumcr  a«  an  liwtoruin.  Ills 

Iionci^ty  a*  a  juilgi%  and  of  hi* 'absolute  fivedom  Vrom  all  peraofiud  and 

national  fivling* Tlic  i)liilo*0|)lKT  wlio  hat  grown  lioaiy  in  the 

fcrrice  of  fciencc  long*  for  the  mlrantage  of  auch  an  liiftorian  to  ivoonl 
hi*  labour*,  and  of  auch  an  arbiter  to  a|ipivciate  their  ralue.** 

Tke/uUofring  Works  are  hetag  prepared  .-^ 

Tfce  EMrare  •f  OiriMiaMlljr.    By  LUDWIQ   FEUERBACH. 

Tranvlated  from  the  Second  Gcnnan  Edition  by  the  Translator  of 
Strau****  *  life  of  Jeraa.* 

An  UtrodMrfUn  f«  \\t  IktMry  •f  \\t  Pf«|ile  •f  Israri.     B/ 

lIElNRICn  EWALD.     Translated  from  the  Second  German 
Edition. 

A  Skf Irh  •r  Ihf  Rise  Wki  Prarcrfss  •f  flirisf hMltjr.    By  B.  W. 

MACK.1Y,  A.M^  Author  of  the  <  Progre**  of  the  Intdkci/  cte. 

The  Idea  •T  a  Fntarf  Liff.    By  the  Translator  of  Strausa's 
'Lifeof  Jtf*u*.' 


I 
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MR.  CILVPMAX'S  PUBLICATIOXS. 
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GHAFHAN'S 

ITibrarg  f0r  tijc  |)c0plt. 

Uniform^  in  Foti  Sro,  Ornamented  Paper  Cwer, 


Skrtrlif s  •f  BMr«|ifaM  f apUab.    By  ^^LLIAM  WARE»  Autlior 

of  *  Zenobift ;  or,  Lcttnrt  from  Palmyn/  *  Aurelian,*  «tc  1#.  P.  6tf. 


Litmfire  wU  Lifcw 

'  EsMj  t  and  BerieKri.' 


Lecture*  bj  E.  P.  WHIFFLE,  Author  of 
If.    V.^d. 

m. 
{(kd  qfPriuL'] 


S) 


Tinb  Fifth  Edition  cf 
The  Saalt  Irr  S«mwt  aadl  Irr  Asplratbas.     An  E^say 

toward».thc  Xfttural  Ilbt on*  of  the  Soul  m  the  true  Batit  of  Thco- 
lofiT.  By  FRA>TIS  AVILLIAM  XEAVMAlff,  fonncrW  Follow 
oflSaUiol  ColUgc,  Oxford.    2f.    P.  edL 

**1V  tpirit  ihrottKhuvt  has  oar  warm- 
ftt  •vmiMtby.    It  cimtaint  murr  of  tlio 

Eiuinr  lifr  of  ChrUtiaiiity  tbau  half  iIm 
ika  ihAt  are  r<ild]]r  elaborated  in  itt  de- 
fence. The  rbarm  of  the  Tolome  ia  the 
tooe  of  faiibftilneaa  and  aancerity  wbicb  it 
breatbo*— Ibe  evitlencea  wbicb  it  afford* 
in  e^eiy  )«i:e. of  beini;  drawn  direct  ihmi 
tbe  fountaiua  of  conviction.''^  ATH>/>rc/<>r 
Xen'«w. 
•«  On  tbe  grmt  ability  of  tb«  mttbor  «• 


Tb«fofvcwitbwbkb 
be  mitt  bia  argumenta,  wbetber  for  food 
or  for  eril,  ia  obviona  on  every  page/*— 
LUemrg  OmxHU, 

*«We  bave  aeldon  net  wiib  ao  mncb 
pregnant  and  angieeative  matter  in  a  amall 
t*«mipa«a,  aa  in  tbia  rfniarkable  vidunie. 
It  ia  dislinffubbed  hj  a  fofve  of  tbongbt 
and  fte^uieM  of  feeling,  rare  in  tbe  treat* 
nient  of  reKgiova  aubjecta.**— /ufaJiYr. 


Chrktbll  ThfbM.      By  C.  C.  HENKELL.  Author  of  'An  Inquiry 
eonccming  the  Origin  of  Gvictiauity.'    1#.    P.  6tf. 

**  Tbi«  little  work  deaervea  ten- attentive  I  of  tbe  euUeet,  aa  a  lileniy  urodmiion 
peniaaL"  "  It  ia  a  little  book  Anely  writ-  abme  ia  well  wort^  of  reepeet.  —  II 'ttklg 
ten,  m^  independent  of  tbe  ini|iort«net  1  IWiyrc*. 


TI. 


■btarical  Skdrlifs  tf  (he  OM  Pabten.'   By  tko  Author  of 
*  Tlirec  Exporimcntt  of  Living,*  etc.    2f.    P.  6tf. 


'*  Tbat  large  flasa  of  reader*  «bo  are 
not  an«ttatomed  to  refer  to  tbe  original 
•iMirres  of  iulbmtatiun,  will  And  in  it  lale- 
rvating  notkwa  of  men  of  whom  tbcy  may 


^?5>^ 


bave  known  little  elae  tbaa  tba  name*, 
and  mbo  are  daihr  becoming  more  tbe  aub- 
jtxia  of  ^^u  cvnoaity  and  adminlMMi."— 
arufiaaJEraaMnfr. 


-e^-^r^ 
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CIIAPMAX'S  LIBRAKY  FOR  THE  PEOPLE. 
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C$Mijf8  bj  Rtilpli  VaM«  EnfrsM.  First  Series,  embodying^ 
tho  Additiont  and  CoiTPcticmt  of  llic  l«utt  Aincrimn  edition ;  with 
an  Introduftonr  Pnrfiioe  by  TlimiAS  CARLYLK,  rrprintod,  by 
pcnniiisioii,  from  tlie  first  liuglish  edition.    2m.    P.  6d, 


vm. 


The  Crines  of  the  loisf  of  Iftpsliar^  attest  its  •vfu  Urge 

Subjects.    By  F.  W.  KEWMAX,  Professor  of  Latin  at  Unircni^ 
College.    If.     P.6<l. 


'*  At  in  ererrlHtnf  tbat  oomrt  from  IVo> 
fn^or  Ncwmaira  iH*n,  there  Mre  cnmeftt- 
imt  of  tone,  weight  of  rcflivthm,  ami 
knowleilfse  of  the  suttjrct,  on  everr  pace 
of  tbii  terrible  little  volnroe.  Thttiie  niio 
are  cnriona  a1>oat  roral  eriinet,  or  inter- 
rated  in  the  hiNtorr  o'f  European  eon»t it u- 
tii>na,  will  Ami  in  Professor  Newinan'a 
lHX»k  matter  to  hold  their  attention  ri- 
reted  from  flr»t  to  last."— .l/JUiMraai. 


"  To  the  dmibter  ve  eamevtlj  commend 
the  peru!«al  of  everr  line  of  the  foUowinir 
chapter  from  Pnifeiuior  Newman's  abl« 
renew  of  the  'Crimea  of  the  Unaae  of 
llapeborir.* "—  HVrHy  3V«. 

«'  A  aeriona  and  tellinf  little  work." — 

"  A  lirief  but  terse  and  enrrgetie  trea- 
iiae"—Literarjf  Ousett*. 


XX. 


Phasfs  of  Faitk  i  or,  F;i8snge8  from  the  Ilistoiy  of  my 
Creed.  By  F.  W.  XEMTMAN.  Tliird  Edition.  VTith  an  ad- 
ditional Cfisy>ter  on  the  Cliaractcr  of  Christ,  and  a  Rri>ly  to  tlie 

[Jpgl  rta 


«Ei-Upse  of  Faith.*    2a.     P.  6rf. 

'*  Besides  a  sfrle  of  remarkable  fhseina- 
tion,  from  its  perfect  aimplicity  and  the 
alisence  of  all  thoii|;ht  of  writinjE,  the  lite- 
rarr  character  of  this  liook  arises  from  its 
di«i>1aj  of  the  writer's  mind,  and  the  nar- 
rative  of  his  Btnissles.  ...  In  addition 
to  the  reliinous  and  metaplirsical  interest, 
it  contains  some  more  tanciMe  hiopra-  ^ 
phical  matter,  in  incidental  pictures  of', 
the  writer's  career,  and  f;linipses  of  the ' 
alienations  and  MX'inI  persecutions  he  un- 
derwent in  consequence  of  his  opinions." 
'-^Speriator, 

**  The  Itook  altoi;ether  is  a  most  remark- 
able hfHik.  and  is  destined,  we  think,  to 
acquire  all  the  nottn'ielv  which  was  at- 
tained a  few  years  since  1»t  the  *  Vesti;;ea 
of  Creation,' 'and  to  produce  a  more  last- 
ing effect."— IfVeWjr  iWr*. 

"  Xo  work  in  our  experience  has  yet 
'  b»en  piihti^lied,  so  capalile  of  f«nispin|;  the 
mind  of  the  reader  and  carrrini;  him  ; 
thriMijrh  thetortnonslaliTrinthofreHinoMs ' 
contr»>ver»y  ;  no  work*  so  cnerseticnily  ' 
clenrins  the  subject  of  all  its  aml>i;nii(ies 
and  stmhislicatinns;  no  work  so  cnpaMe 
of  inaVm;!  a  path  for  the  new  refonnation 
to  tread  securely  on.    In  this  history  of 


the  conflicts  of  a  deeply  reKrioiis  mind, 
couraKCottsly  aeekine  the  tmth,  and  eon- 
qnerinc  f.vr  itself,  bit  liy  1*it,  the  ri|:lit  to 

1>nm(»unce  dopnaticallT  on  that  which  it 
ind  benMof<ire  accepted  traditional^,  we 
see  rt*flecled,  aa  in  a  mirror,  the  hiitoiy 
of  the  last  few  eentariea.  Modem  niin- 
tnalism  has  reason  to  be  deeply  grateful  to 
Mr.  Newman :  his  learnine,  his  piety,  his 
courafse,  his  candour,  and  his  thoroack 
mastery  of  his  aubject,  render  his  alliance 
doubly  predotts  to  the  canae."— 7W 
rcfw/er. 

**  Mr.  Newman  is  a  master  of  style,  and 
his  lMK>k,  written  in  plain  and  nerroos 
£nuli«h,  treats  of  too  important  a  sul^jert 
to  \n\\  in  commandini;  the  attention  of  oB 
thinking;  men,  and  particularly  of  all  tks 
ministers  of  relifpon.** — Keoiinmui. 

*•  As  a  narratiTC  of  the  rarious  AmhU 
and  niisinvinifs  that  1«eset  a  reKipoui  mind 
when  conipeUetl  by  conviction  to  deviate 
from  the  orlbodox'Tiews,  and  as  a  history 
of  the  conclnsitms  arrived  at  by  an  inldli. 
i;cnt  and  cilucnted  mind,  with  the  rrswnit 
and  steps  liy  which  i^nch  eondusioas  vers 
Rained,  this  work  i<*  mo«t  interesting  ami  nf 
great  inipiirlauce." — Jforuimg  AU^rlmr, 
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The  Artkfs  Itrrici  Ufc|    Being  that  of  Albert  Durer. 
Truidat«d  from  the  Germaa  of  lipoid  Scheitf  bj  Mn.  8XODABT. 


ihjt 

•bow  that  even  the  truk  of  genwu  are 
part  of  its  education— that  HtTeiy  woniMla 
are  ftiiroti*  for  it«  harvest.  .  .  .  The  me- 
rit* f >r  thia  ntoiy  consiat  in  its  fine  purpoae, 
and  ita  thonffhtftiL  and  Ibr  the  noat  part 
Jttat,  expoailion  ornan't  inner  Kfa.  To 
thoae  who,  chiefly  amireriatinff  sacb  qnn* 
litiea,  can  diapenae  with  the  atimulaata  of 
incident  and  paaaion.  the  hcok  Itefore  ua 
will  not  be  unacceptable."— J/Acji««m. 

"The  work  reminda  na  of  the  haupieat 
rflbria  of  Tieck.  .  .  .  The  deaifn  to  to 
ahow  how,  in  apite  of  ererr  cMjatade,  |[e- 
ttiua  win  naiiifeat  itaelf  to  the  world,  and 


■ire  ihape  and  anbataac*  to  Ita  benutilU 
dreanaandfanciea.  .  .  .  It  la  a  Tery  pure 
and  delichtAil  compoaitioo,  ia  taatelUlj 
pmdnced  in  an  antique  atyle,  and  retaina 
in  the  trandation  all  the  pcvuliaritiea 
(without  which  the  book  would  loaa  half 
Ita  vent)  of  Getiaan  thought  and  idiom." 

*«8iBmly  then  we  aanro  our  rradera 
that  we  hare  been  modi  pleaaed  with  thia 
work.  The  narratiTe  portion  ia  well  cou- 
ceiTed,  and  com|»h4ehr  i&natratea  the  an- 
thor'a  moral;  while  Kia  intersiieraed  with 
manj'  pawaya  whirli  are  ftdl  of  beauty 
and  pnthoa.  — Jnf«if«r. 


Cj)toIogi)  nnb  ^ibliral  Criticism. 

fepilar  fhrktianitys  its  Transition  State  and  probable 
Dcrclopinciit.  By  F.  J.  FOXTOX,  A.B.,  formerly  of  Pembroke 
ColWse,  Oxford,  and  Perpetual  Cumto  of  Stoke  Prior  and  Doeklov, 
Heivford»hire.    Foot  Sro^  doth.    fit.    P.  64. 

fact  ia  aa  he  aeea  it.  Hia  book  appeara  to 
ua  to  contaia  many  Jnat  and  proluund 
\-iewa  of  the  rrii|noua  character  vi  the 
preaent  a^e,  and  ita  indicationa  of  pro- 
Kteaa.  He  often  toochea  a  deep  and  flrust. 
M  truth  with  a  power  and  nUneaa  that 
leave  nolhinc  to  W  deaircd.*'— PSraMMvfire 
JTcrJrr.  3ee.  IMfl.  '^ 

**  It  containa  nianj  pawwcea  that  show 
a  warm  apprrciatitm  of  the  moral  beauty 
of  Chriaiianhj,— writtcm  with  cooaiderw 
able  power.**—/Mffa*rer. 

«*....  with  earaeatneaa  and  elo. 
quenee.**— CWie. 

•*  We  muat  refer  our  rendera  to  the 
wnrk  itsetf;  which  ia  moat  mhfy  written, 
and  e^incea  a  Miirit  at  once  enmcBt,  en> 
li);hlenrd,  and  liberal ;  in  a  amall  r«au|iaM 
be  preaenta  a  mtwl  lucid  eipuailkin  uf 
I  view  a,  many  tif  them  ttritfinaC  and  mii»- 
)M>rted  bjr  arnumeiita  whi«*h  cannul  fail  to 
t-rvate  a  deep  lenaatiuB  in  the  reUipuua 
world.**— OUrrcvr. 


«  Few  wrHera  arr  bolder,  bnt  hia 
ner  ia  ainfularlr  cooaiderate  towarda  the 
Tery  opiniona  that  he  cnmbata— hia  Ian- 
cua|{e  ainitulariy  calm  and  meatnred.  lie 
ia  evidentlj  a  man  who  baa  hia  puipuae 
aincerely  at  heart,  and  indul|{ea  in  no 
writins  for  effect.  Bnt  what  m«>at  dia- 
tinffoiahea  him  from  many  with  whom  he 
mar  be  compared  ia,  the  pouiiTcneaa  of 
hia'doctrine.  A  prvtt^tjpe  f«jr  hia  tulume 
may  be  found  in  that  of  the  American, 
Theodore  Parker^the  *  Diaruune  of  Re> 
lilHuB.*  There  ia  a  tfreat  cuinctdence  in 
the  train  of  ideaa.  ftrker  ia  more  enpi- 
oua  and  eloquent,  but  Foit«m  ia  far  more 
eipUcit,  deflnite,  and  comprehcnaible  in 
lua  meaning.'*- 5jpvWtfl«r. 

**  lie  1m«  a  ncnetratiim  into  the  a|i{ri> 
tual  denrea  and  want*  tif  the  ace  poMible 
only  to  one  who  |Mirtakra  of  thcni,  and  he 
han*  nttered  Ibr  nMial  |ir«plM>lic  fact  «if  nur 
relitfioua  cimdiiiun,  with  a  f«trce  of  tnni\ic> 
tioo  which  itwlf  jpvea confidence,  that  the 
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THE  SECOXD  EDITION  OP 
Ifbrew   lfr*nl«)   an  ITi^torieal  Inquirr   concerniDg  the 
.Age,  Author^hii),  and  AutUcnticitv  of  tlie  Old  Tettaiwait^    Bj  tbe 
RcT.  Dr.  GILES.     Post  8vo,  dotli,  lOf.  6d.    P.  1«. 


T 


SfrmQBS  •r  foBS^IaHoil.      By  F.  W.  P.  GREENWOOD,  D.D. 
Boston,  U.S.     Tliinl  Edition,  Po*t  8to,  cloth,  3#.    P.  W.     . 

''This  is  a  rmllT  d«>li^htftil  Ttiliime, 
wbH  h  ire  would  ir1«^Y  tee  nroduriiic  its 


purifVinff  and  dovaiing  iiiflaeiieM  in  all 
oar  lamuiea."— /njniirr. 
«*  Tills  brantiM  Tolaiiie  we  are  suiv 


win  meet  with  a  israteAil  recvplioa  fmm 
all  who  seek  iiurtnictiuB  on  i1m*  iafitn 
inu(4  intrrrslinis  to  a  tbmiBhtftd  nuBd. 
There  are  twenty. •e\-en  sermons  in  the 
Toluine.***-ClrM/aitN  JCnisiiaer. 


■?. 


The  f fff dl  of  ChriKlfBiloBi  s  Its  Foundations  and  Superstruc- 
ture.   By  W.  RATIIBOXE  GREG.    Sto,  cloth,  lOt.    P.  U. 

**  Will  rank  hitfh  with  those  crilii*al  and  |  inte11ip*nt  works  which  are  now  lieeoininf 


erudite  works  which  have  uf  late  clesn^l 
up  so  inanj  obscure  nistiers  in  the  history 
or  relitfion,  corrected  so  laanj  falw  theo- 
ries, dispelled  so  many  err»rs,  and  done  so 
much  to  1>rini;  into  harmony,  science  and 
reliinon,  the  roice  of  Nature  and  the  voice 
of  Otid."— JSt'eNowM. 

"  In  a  calm,  dis|mssionate  nuinner,  and 
in  a  st}-le  peculiarly  clofsant,  and,  at  the 
ssme  time,  artfumeutalive,  the  momentous 
questions  of  revelstion,  Christiatiity,  end 
a  fut  ure  state  are  discussed.  There  is  no 
do};m.itism,  no  ameriiou,  no  arriviu);  with 


the  moral  alphaliets  of  a  new  geucfation.** 
—U'eMg  DUpat4A. 

**  lie  appears  to  us  to  hare  executed  his 
task  with  tbor^*uffh  honesty  of  purpose, 
and  in  a  spirit  esstiitiaUy  Kverentia] — in 
a  style  clear,  animated,  and  often  eloquent, 
and,  for  one  who  disclaims  the  possemion 
of  leamine,  with  no  small  amoont  of  cri- 
tical knowled|!e  and  philosophic  endow- 
ment." — Ptwtpeciire  Xeritw. 

•«  Xo  candtd  reader  tif  the  'Creed  of 
Christendom*  can  clow  the  book  without 
the  secret  acknowledipnent  that  it  is  a 


an  undue  haste  at  irrelevant  conclusions  i  model  of  honest  investiijation  and  dear 
in  its  psipv ;  but  there  are  to  be  found  all .  exposiiitm ;  that  it  is  Mmceived  in  the  tme 
the  evidences  of  profound  study,  scholar- 1  spirit  of  serious  and  fait  hftd  researefa;  and 
ship,  much  readuiic,  mors  thinking;,  and  ■  that  whatever  the  author  wants  of  Ijeinir 
certainly  there  is  exeiV  indication  of  sin-  an  ecclesiastical  Christian,  is  pbiialy  not 
cerity  and  truth.  It  will,  arouse  a  spirit  |  essential  to  the  noble  guidance  nf  life,  and 
of  inquirr  where  that  is  dormant,  and  will  |  the  devout  earnestness  uf  the  affections." 
take  Its  place  among  those  suggestive  and  |  —IVetimiiuter  Jtenew, 


in  Inqair}  roure raliig  At  Origin  •(  Christianity.  By  CHARLES. 

C.  HEXNELL.    Second  Edition,  8to,  cloth,  12«.    P.  It. 

Tlif  Hrlit^ion  of  tlic  If  art.    A  lifanual  of  Faith  and  Duty. 
By  LKIGH  HUNT.    Fcap.  8to,  doth,  6».    P.  6d. 

Professor  Newnwn  has  kindly  permitted  XIr.  Chapman  to  print  the  foDowing  letter 
•d«lre«sed  to  him  :— 

**  Mr.  Lei|;h  Hunt's  little  book  hss  been  xerr  acceptalile  to  me.  I  think  there  ia 
in  it  all  that  tenderness  of  windom  which  is  the  p4>fuliar  jiossession  and  btmcmr  of 
advanceil  years.  1  nre^unie  he  re(;anU  hi*  botik  as  only  a  coMtriliithm  to  the  Church 
id  the  Lit  ur(!i«*al  part  of  it  as  a  mere  a 


of  the  Future,  and  t 


I  pM 
old 


'  sample.    I  feel  with  him  that 


we  cannot  aflbr**  to  uliandon  the  old  priuciiile  of  a  *  public  rectHHution  of 
li.:iou«  sent  intent  ;*  and  I  rejoice  that  one  like  lum  h»*  taken  the  lead  in j 
the  dircctiim  in  which  we  roust  look.  (Signed) 


tiointing  out 

To  the  class  of  thinkers  who  are  feel- 1  ntcre  Inirie  can  romiMss,  and  who  habitn- 

the  wings  ol*  lma)iinn- 


crs  also,  to  those  whi>  ie  aoul  is  larger  than  |  ally  endeavour  on  \ 
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timi  to  arar  into  rrtnoiM  which  Inmarmd 
rraaon,  thm  lieantiful  book  w  Mhtrntrd. 
...  It  cannot  he  read  rrcn  u  •  hook 
(and  not  acrcpting  ii  ■•  a  ritual)  nithoat 
hamanising  and  rakurgtnf  the  reader's 

*<The  *Reli|noa  of  the  Heart'  ia  a  ma- 
anal  of  asuiraiMm,  faith,  and  dnlj,  con> 
ceiTcd  in  the  •pint  of  natural  piclj.  .  .  . 
It  is  the  olgect  of  the  book  to  Mmpl^  one 
of  those  needs  of  the  popular  mind,  which 
the  qM>culsttTe  rationalism  is  apt  to  neg- 
Wet,  to  aid  in  the  culture  of  sound  ha- 
bits and  of  reasooalile  rdigioaa  aflectiona. 
If  the  ttnie  haa  not  jet  arrived  for  the 
matured  ritual  of  natural  reKgion,  the 
present  endesTour  will  at  least  be  re- 
ganled  as  a  su^^gestion  and  help  in  that 
direction.** — II  etimiutifr  Jleriem', 

**This  Toluue  dcsenrea  to  l>e  read  bjr 
msny  to  whom  on  other  grounds  it  naj 
perMfia  prove  bttle  acc^aMe,  for  th« 


I  graTO  and  thongfatfhl  raat^  it  contains, 
appealing  to  the  heart  of  erery  truthftil 
person.  .  .  .  Kindly  emotions  and  a  pora 
moraUlj,  a  true  sense  of  the  beneftccoca 
of  Ood  and  of  the  beauty  of  cmtion,  a 
heightened  sennbiUty  that  shuns  all  con- 
tact  with  theoliigT,  and  shrinks  only  with 
too  much  dreadifrom  the  hard  dogmaa  of 
the  pulpit,— -make  up  tha  suhstanca  of 
this  book,  of  which  tha  style  thnm^hout 
louifitely  gratia  ana  refned. 
Hunt  nerer  on  any  occaaion 


Mr.  Hunt  nerer  on  mnr  ( 
crrdits.  by  his  manner  of  stating  his  he- 
lieft,  the  comprehensiTe  charity  which 
suslaina  them.  Tha  most  rigidly  or- 
thodox may  read  his  book,  and,  passing 
orer  ditersttiea  of  opinion  tanresssd  al- 
wsTs  in  a  tone  of  gentle  kindiineM,  may 
let  nis  heart  open  to  receive  all  that  part 
(the  main  part)  of  Mr.  Hunt's  religion 
which  is  in  truth  the  purest  Christiaaily." 
~£raw<aer. 


ne  Pfr«j  tf  TradillMal  Faitli,  •■<  Ir-esfalilkliMfvt  tf  Faitk 

upon  FhOofophj.     Two  Lcrtum  bj  H.  lEBSON,  M.A.     Port 
8to^  paper  corer,  U.    P.  6tl. 

latltBlI  Faitll.  Three  Lectura  by  H.  IEB80X,  MJL.  Po«t  8to» 
paper  coTcr,  1«.    P.  6dL 

km  InlrodJiftita  tt  At  Ifligloi  tf  Kalare.    Being  the  two 

pFeoeding  together.    Paper  eorer,  2f  •    P.  M 

Ifligita  aid!  EdJaratiM,  !■  Irlatiaa  tt  (hf  ft%flt.    Bj  JOHN 
ALFRED  LANGFORD,  AuUior  of  'ReUgioiM  Sceptidtm»'  *Tbo 
Bnnia  of  Life/  etc.    Fcap.  8to,  cloth,  2#.    P.  64. 
**  It  ia  a  work  singnhirly  adapted,  by  its  precision  of  thought,  aptnesa  of  illnatration, 

and  gentlenem  of  tone,  to  prooMte  the  purpose  which  its  author  has  aimed  at.**— 

If Vaf  MiMtf«r  Mniem, 

IflljdoMt  ScrplirtfM  aa4  laUflifyi  Tlieir  History,  Cauae, 
C»re»  and  Miwion.  Dj  J.  A.  LAX6F0RD.  Poat*8vo»  cloth. 
Origuud  price,  5t. ;  reduced  to  ti,  9d,    P.  6tf. 


Bj  JAMES   MARTHCEAU.    Poat  8to^  ckXh,  0«. 


liaffllailft. 
P.U. 

CoXTEXTg :— The  Life,  Clmractn,  and  AVorka  of  I>r.  Pricatlrr; 
tlic  Ijife  and  Com»^]ioiu]ciKV  of  Tlionuia  Arnold,  D.D. ;  Cliuivh 
and  State ;  Tlicodore  PnrkiVa  Pisi-ourm;  of  Religion ;  Phnsca  of 
Faith ;  tlic  Cliiiwli  of  England ;  and  the  Battle  of  the  Cliurcliea. 
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THK  FOURTH  EDITION  OP 
Thf  latioMsIf  •f  IdiglMft  iMqalry)  or.  The  Qnestion  statod, 
ofRoMOn^tlie  Bible,  anil  tlic  aiurch.  Bj  JAMES  M ARTIXEULU. 
With  a  Critical  Lecture  on  RatJonalinn,  Minclc*,  and  tlie'  Autho- 
ritT  of  Scripturr,  by  the  lato  Rer.  Joaeph  Blanco  White.  Poat  Sra, 
cloth,  4t.  6^    P.tM. 

EadlfaTOMrs  after  Ae  ChrbtiaM  Uff.     Discounct  I7  JAMES 

MARTINEAU.    Fimt  and  Second  Scrica.    12nio,  doth,  7«.  6d. 

each.  P.  Cd,  oach  Tc^ume. 
**  llnrlflT  drt  we  wdctwie  a  •econ^  to- 1  ortliodoz  in  all  dnMitmnitt  arfi^t  n><ieif 
hnne  of  *  EndMTonn  aftrr  the  ChriAlmn  1  flrum  them  in1eUc>cttul  ■Hnl1l^^  moral 
Life/  hecan^  mhen  all  thai  nuit*  not  oiur  1  pulbh,  and  in  ■mne  ntnoda  rel^kmB  edifl- 
taste  ia  omitletl,  we  have  tlill  left  more  to  eatioa/*— iToiieoji/WwM. 
inatnict,  intereat,  impmve,  and  elerate,  ,  **  One  of  the  most  intereiilfaic,  attme- 
than  in  almoat  anT  (rfher  Tolume  with  tire,  and  moat  TahiaUe  aeriea  of  eaaajn 
which  we  are  aeqnainted.  .  .  .  Whatever  which  the  Kteratnre  of  Chriatinnitj  hina 
maj  be  ita  defecta,  we  regard  it  aa  one  of  rroeiTed  finom  priest  or  lajnan  for  many 
the  HMMt  pfeciooa  pft«  to  the  reli|pooa  '  a  jear. 

world  in  mndern  timea." — Jm^mher,  j     **  Volinnea  that  hare  in  them  both  iaiel- 

**  Mr.  Martineaii  is  known,  nnichhejund    lect  and  tme  eloqnenee,  and  whMi  aatiaiy 
the  liraita  of  hi«  own  denomination,  aa  a  .  the  nndenttanding  while  Ihej  pleaae  tlio 
man  of  irreat  gifta  and  aocoinpliahmenta,  j  taate  and  improve  the  heart, 
and  hi*  nalilicationa  hare  lieen  all  marked  )     **  When  we  aaj  that  theae  DUevmnn 
hy  aulrtle  and  Titrnroua  thouisht,  much  •       -  ...  ... 


beauty  of  iniaginatiim,  and  certain  charma 
of  compoaition,  which  are  aure  to  find 
admirer*.  .  .  .  There  ia  a  delicacy  and 
etlM'Tpalitj'  of  ethical  aentiment  in  theae 
diacnuraea  which  moat  commend  them, 
and  we  may  aafelj  aaj  that  roanj  of  the 


are  eminently  armrtitfmf,  we  mean  thai 
they  are  adaptea,  not  onlr  for  man  ia  tha 
abstract — to  teach  the  dvtiea  of  Chria- 
tianitj  erei j  ahere  bat  ako  with  refiFr- 
ence  to  the  dnnnMtaacea  of  aocirtr— of 
the  age  and  cQontiT  in  which  oar  lot  ia 
caat.'^-CHfie. 


■}MM  for  thf  ChrisUsB  fliMrfli  aadl  lamf.  Collected  and 
Edited  by  JAMES  MARTINEAU.  Sixth  Edition.  12mo,  doth, 
3«.  6rf.    P.  1#.    32mo,  roan,  1«.  Sd, ;  32niOk  cloth,  la.  id, 

fhasfs  af  Pailli )  or,  Passngcs  from  the.  Ilistoij  of  Mj  Creed. 
Bv  FRANCIS  WILLIAM  NEWMAX,  Author  of  'A  Hirioiy  of 
tlie  Ilcbrrw  Moiiarchi',*  '  The  Soul :  Her  Sorrows  «nd  Her  Aspira- 
tions.*   Third  Edition.    PosiSro,  2«.    P.  6<f. 

ChriMianily,  thf  PfliTfraaff  of  thf  Soil,  aad  its  life.    Bj 
W.  MOUXTFORD,  M.A.    Fcap.  Sto,  doth,  2a.    P.  «. 

Thf  SanI  i  Icr  Sarraws  and  If r  .i.<tplratlamu  An  E:»8nT  towards 

the  Xatunil  Iliatorr  of  the  Soid,  aa  the  Basis  of  Tliedogr.  Bv 
FRANCIS  WILLIAM  NEWMAN,  foniicrlj  Fellow  of  Balliol 
College,  Oxfonl,  and  Author  of  *  A  ]Ii»toiy  of  the  Ilebrew  Mon- 
archy.*   Post  8to,  doth,  6f.    P.  1#. 
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TheisM,  AtkfkM^  umi  tkc  ft|i«lar  Thfol^gjr.     Sermons  by 
TUEODOR£  PABKEB.    Urgd  Pott  8r<s  doth,  St.    P.  It. 


Tea  ScrMtM  tf  lellgioM. 
8t<s  cloth,  8«.    P.  U. 


Bj  TUEODOBB  PABEEB.    Pott 


Oo3rasns^ 


I.  or  PictT  and  tlM  RdatioB  tlMNof 

to  Manhr  Uf«. 
II.  Of  Tnilh  ud  tlM  Intdleet. 

III.  or  JoatiM  aod  1^  OuMcicDM. 

IV.  OfLoTCMdtbeAfltetkMM. 

V.  Of  CoMcioaa  RelLiioH  and  IIm  8o«I. 
TI.  Of  CoBKiom  B«S^  m  a  MOfM 
ofStMBgtk. 

•*W*  f«el  that  In  borrowing  larjielj 
flrom  kb  (Parkar't)  pa);w  to  •nrieh  onr 
euluinna  wa  arc  eaniing  tha  readvr'a  grn- 
tilnde/'—XMrffr. 

**  These  Stfrmona  are  diaracterued  hy 
n  IoAt  elo^ueuoa,  a  vi^ruua  graqp  im* 
thungnt,  an  edevtidam  which  prea  be- 
nknancT    to    the 


VII.  OrConadonaBalicfaNiaanSowM 

of  Joy. 
VIII.  Of  the  CnltaTO  of  tha  BcUskMa 


nigmuicj    to    the    olhenriae    icenerallj 
aevere  and  aectarian  aapt'ct  of  n*' 
and  are  marhcd  I7  an  earncaUMia 


n.  Of  Oonvvntiooal  and  Katwal  Sn- 
Z.  Of  CommnnfciB  with  God. 

and  piety  which  girca  to  Htentnre  of  thia 
claea  an  attractiun  ao  neeeaaaiv  to  enliit 
readers.'*—l>Ve^  iX^Mldk. 

**  Theae  aennona  abuoad  with  flaaking 
and  ipariiBng  gena of  thought  which  U)tht 
up  old  tmi^e  with  new  grandeur  and 
inah  meaning,  and  inveat  man's  rriati«io 
to  hb  ieOov  and  to  hi*  God  with  an  iai* 
portance  and  mpooaibilitr  peeuliailjr 
solemn  and  impfvaaiva." — H  twUgBrnm^er, 


A  Disfoanf  tf  lattf rs  peHainhg  tt  If ligloi.  Bj  TUEODOBB 

PARKEB.    Kcw  Edition,  Pott  8to^  cloth,  4t.    P.  6<i. 

•'.  .  .  Abounds  in  possagee  of  ferrid 
eloqnenee— cloauencv  as  remarkable  for 
the  truth  of  feclini;  «hirh  dirvvts  it  aa  for 
the  grnius  br  which  it  ia  iukpired.*'— 


**  Parker  writes  like  a  Hebrew  prophet, 
enrichod  bj  the  riiH*»t  i-ulture  or  the  mo> 
dem  world.**->ll  rK/itifNWrr  Jfecieic. 

**  There  is  a  master}*  shown  o\er  ererjr 
element  of  tha  great  snlijecU"— JVoiyec^ 
tiwt  Jbciev. 


The  Life  tf  tesu%,  Critirally  EumlMci.     Bj  Dr.  DAVID 

FBIEDRICU  STRAUSS.    8  vok.  8to^  cloth,  £1.  IGf.    P.2«.6</. 

••  Whoever  reads  these  Tolnmaa  without 

any  referrnya  to  the  Oennan.  must  be 

s   plraaed  with  the  ea»5,perspic«oua,idioai- 

!•   ati(%  and  harmonious  hirce  of  the  Eugliidi 


**  The  eitraordinary  merit  of  this  book. 
.  .  .  8tnittss's  dialcclio  dexterity,  his 
forensic  cuolneM,  the  e%en  ptiliidi  of  his 
sirle,  uffvseiil  hira  to  us  as  the  atTum- 


C fished  plrader.  tiw  I'onipletoly  master  ori  stvle.  But  he  will  be  still  more  satipfied 
is  worL  l<»  iVvl  the  teinplslion  to  unrnir  wben,  on  turning  to  the  original,  he  finds 
ad%antMp>or  unM*euily  teiujier.  .  .  .  We  that  the  rrmlering  is  word  tor  word, 
i'anlt*stifr  that  lite  tnin«kitorha«ackie%e<l  I  thought  for  thought,  and  sentence  fur 
aTer>- toiitfh  work  wiib  reniarkii1>le»nirii  |scntem-e.  In  iirv-paring  so  bcsutilul  a 
ami  ild«>lii;r.  The  author.  tbtHi^h  indeed  ,  rendmng  as  the  piVM'Ut,  the  diilktihi*'^ 
a  good  writer,  could  hanUy  Iw^e  s|ioken  tan  ha\e  li«*en  neither  few  itor  small  m 
Itetler  had  his  count nr  and  laiiin*atfi>  lieen  the  way  of  presen-iitg,  in  various  |*arts  «if 
Kiiglinh.  The  work  lias  evidently  laUen '  the  work, the  exactnewof  the transhiti«ia. 
into  the  hamls  of  one  who  h;ts  nut  only  c«•lu1•in<^i  with  that  nnifrinn  lumiony  atid 
eirecti\«*«<omniaiid  «>riioth  Untfua;;es,  biit  ,ck*arno^  of  stvle,  whi«-h  impart  tii  the 
a  fsuulittrity  with  the  sultjein-maitfr  of  j  vulutiM>s  berore'us  the  air  and  spirit  of  an 
llie<ilt*);i«'nl  (Ttt  u'imii,  ami  an  mil  union  into  oripnol.  A  ukid<*«t  and  kindly  care  Tor 
its  lei-hnitwl  pluM<«H>logT."->  11  V*rwJMWrr' his  reader's  con\enieni'e  has  indm-oi  the 
MM  J  F^rtigm  Q^tuttHjf  MeeUr,  lt»i7.  |  transfaUor  often  to  sup|4y  the  remk-riug 
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THEOLOGY  AND  BIBLICAL  CRITiaSM. 


info  BnfslMh  of  •  Qntk  qwilMMNi,  wberr )  openimt  in  nftniaf  to  Us  •amntm  of  in. 
•*— ^- '  -- — --*-   fiiniwlifm.  Mid  alatiiiK  Ua 


tlienf  VM  po  MWTMon4me  rraJfrinK  into  j 
■■n  in  tW  oritfinal.  Indeeil,  StrnuM  t 
ain^  wen  MT,  u  hfe  Aof  in  the  n«»tice 
which  he  write*  for  this  English  edition, 
that  as  far  ns  he  has  ezatiiiiied  it,  the 
trandatioB  is  *  et  acettratm  e(  peniiicua.' " 
— frotpeefic*  Metier. 

**  In  regard  to  leamnig,  acotenesa,  and 
sa|rsrknia  coniectoivs,  the  worh  memUes 
2(ic1»uhr's*  History  uf  Rome.'  The  general 
manner  of  treating  the  subject  and  ar- 
ranging  the  chapters,  sections,  and  |wrts 
of  the  argument,  indicates  vonsamnmte 
dialectical  skill;  while  the  strle  is  t-lear, 
th*  expressMNi  dinvt,  nod  Um  •■thot^a 


fiiniwtifm, 
all  their    ' 

{tlarr.  .  .  - 

pretiecessorsof  its  kind  in  lettminx,nc« 
neas,  and  thoroa^  investigatiim,  bat  ii 
marked  bjr  »  scnons  and  cnmest 
— OirutmM  Sitmmimer. 
"I  fimndin  31.  Ml 
ftdl  of  rsndiwr.  gentleness,  aa 
ofnsool  that 


itm,  and  stating  Ua  eondnaiovs  isi  ^ 

ir  aimnlicity,  b  candid  and  even*.  | 

...  It  not  onlr  surpaasrs  afl  Hm  \ 

essorsof  its  kind  in  leaminx,  ac«to.  } 
nd  thoroadb  investigatiim,  bat  it  ia 


mjateriotts,  and,  as  it  were,  saddened  bj- 
tlie  reputation  he  had  gained.  Hescareely 
seems  to  be  the  author  of  the  wofk  trader 
eoosidemthm."— Qaiacf,  iferae  tfs*  Demx 


A  NEW  EDITION  BEVISED,  OF 

A  letrMpcrt  of  the  leligiMS  Life  •f  Euglandl  i  or  the  Chun-h, 
ruritaiium,  and  Free  Iiiquiiy.  By  J.  J.  TAYLEB^  B.A.  Lai^ge 
Poft  8to,  7#.  6d,    P.  U.  IXow  rtaJy. 

"This  work  is  written  In  a  chastelr 
beantiM  stvie,  manifests  extensive  read- 
ing ami  careAil  research,  is  full  of  t  bought , 
and  d^Hidedlj  original  in  its  character. 
It  is  marked  also  by  the  modesty  which 
usually  characterises  true  merit."— /«• 
qmirtr. 

"  Mr.  Tayler  {a  actuated  by  no  sectarian 
bias,  and  we  heartily  thanli  him  for  this 
adiUiiun  to  our  re)igioos  literature."— 
Wraimimgter  Metietr. 

**  It  is  not  often  our  good  fortune  to 
meet  with  a  book  so  well  conceived,  so 
well  written,  and  so  instructive  as  this. 
The  various  phases  of  the  national  mind, 
desi*rilH*d  with  the  clearness  and  force  of 
Mr.  Tayler,  Airuiah  inexhaustible  mate- 
rial for  reflection.  Mr.  Tayler  regards 
all  iwnies  in  turn  ftom  aii  equitable  point 
of  \iew,  is  tolerant  towards  intolerance. 


and  admires  seal  and  excuses  fsnslii  i— 
whveever  he  sees  honesty.  Nay,heoprahr 
aMserts  that  the  religion  of  mere  reason  la 
not  the  religioB  to  produce  a  practical 
etfect  on  a  people;  and  therefore  regards 
his  own  daas  onhr  as  one  element  in  a 
better  primeipU  Hmrek,  The  dear  and 
comprehensive  gra^  with  which  he  mar- 
shals his  facts,  is  even  less  admirablethan 
the  imnartiality,  nay,  more  than  that,  tha 
geucral  kindliness  with  which  he  leSeeta 
upon  them."— £niBitM«r. 

**The  writer  of  this  roluma  has  aB  the 
calnuicas  belonging  to  one  who  fi?els  hha- 
sdf  not  mixed  up  with  the  strugi^  he 
describea.  There  is  about  it  a  tone  of 
great  moderation  and  candour :  and  we 
cannot  but  feel  ctmlldent  that  we  have 
here,  at  least,  the  product  of  a  th«iroa^ily 
honest  mind."— Xewe's  £diiih,  lf«ys2tse. 


ClirktiaMAs|lfCtt«rPaUli  Mil  trnty.  DiscounesbjJ.J.TATLEB, 
B-A.    Second  Edition.    Po«t  8vo,  cloth.    P.  1«.        [Jm  ikeprm. 


«*  Abounds  with  lessons  of  the  highest 
practical  wisdom,  conveyed  in  Unguageof 
consummate  beauty."— /irfiiirer. 

**  Tht*«e  sermons  are  admiralile.  They 
partake  more  dirciily  of  the  character  of 
religious  in<ttruction,  and  possess  rastlr 
more  litemiy  merit  than  is  usual  in  such 
comiHMilioos.  The  thought  is  arranged 
ynth  great  clearness,  and  the  style,  for  its 
lucid  and  felicitous  phraseology,  is  beyond 


an  praise.  The  greatest  charm  of  the 
whole  volume,  hoaever,  is  its  floe  spirit. 
All  the  writer's  human  syiu|iathies  ars 
generous  and  elevated,  ami  his  rri^poos 
feelings  and  as|iinitions  pure  and  fervrni. 
vent.  .  .  .  "H'e  are  sure  that  maay  «iU 
thank  us  for  commending  to  then  a 
volume  flrom  which  such  catholic  «ir«s 
and  elevated  sentiments  may  be  derivKd." 


i 
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MB.  CIIAPMAX'S  PUBLICATIONa 


St.  PaiFt  Epbllfs  (0  the  CtriMtkiaMs  An  Attempt  to  cohtov 
tbcir  Spirit  and  Significtmce.    Bj  the  Ber.  JOHN  HAMILTON 
THOM.    Poft  8T0,  doth.    P.  It. 
'*  A  ToluM  of  MBcnlarlj  flrce,  wagg^lrt,  and  bMVliAil  coamnftUiy.*'— /Mfaircr. 

Cathalifil}^  Spiritial  aHdl  iMtcllfctvals  An  Attempt  at  Vin- 
cUcnting  the  Hannony  of  Faith  and  Knowledge.  A  Scriet  of  Dia- 
eounct.  Bj  T.  WILSON,  M.A.,  htte  Miniater  of  St.  Pcter'a 
Mancroft,  Norwic\  Author  of  <  ThiveU  in  Egvpt  and  Syria,*  etc 
Sto,  cloth,  6#.    P.  Od.    Mar  he  bad  aquintdy,  1«.  eaeh,  paper 


The  lalj  Bible.  First  Divinon :  The  Pentateuch,  or  Uto 
BooV*  of  Monofs  according  to  tlie  Authorized  TerMon ;  with  Kotea, 
Crilicnl,  Practical,  and  DcrotionaL  Edited  bj  the  Bcr.  THOMAS 
AVILSON,  M.A.,  Author  of  *  Spiritual  Catholicity,'  'Trarela  in 
Syria,  Paleatine,*  etc.  Parts  I.  and  II.  price  6f.  each.  P.  6d. 
«*  Cone  BOW,  and  let  «•  maoo  tocHbrr,  nilh  the  Lord.'*— Jm.  L  18.- 

**The  nMe%  and  appcndicM  ahoand  in  '  rkxia  and  alile  worii  to  aO  who  approach 
thouKhlfid  and  inatruiiiTv  maitir,  and  th#  fknijilHm  with  Ibrir  '  '  " 
we  may  safely  rccomntend  thia  nioat  labo* ,  terrd."— £niarfaer. 


^ampytts. 

Catechwn  of  the  Old  Testament.     ISmo,  stifi;  %d. 
Crawfurd  (-4.Q.C.),  Tftiriy-nine  Reasons  why  the  Clergy 

otighi  mat  to  sMhscrihe  to  the  Tkirtjf-mine  ArlieteM,    ISmo^  la. 

Dawson,  Hymns  and  Songs.    S2mo,  9d. 

32mo,  6rf. 

Maccall  (7/1),  Sacramental  Services.     12ino,  6rf. 

Doctrine  of  Individuality.     12mo,  6rf. 

Individuality  of  the  Individual.  12ido,  Gd. 

Lessons  of  the  Pestilence.     12ino,  Cd. 


Unchristian  Character  of  Commercial  /?<•-      , 

ttriHioiu.    12mo,  Zd.  / 


PAMPHLETS. 


Mackay  {R.  TK),  Intellectital  Relif/ion.    8vo,  U.  Gd. 
Madge  {Jlionuui),  Tfte  Dedication  of  the  Christian  Temple 

to  the  JTonkip  and  Senice  qf  Ood,    8t<h  M 

Martineau  {J.),  Tlie  Bible  and  the  Chitd.     12ino,  dd. 

Pange  and  Retrospect.    8vo,  It. 

Ireland  and  her  Famine.     12mo,  6A 


TFie  God  of  Revelation  his  oicn  Itderpreier. 

12iiio,  paper,  6if. 

Peace  in  Division.     12ino,  Is. 


—  Five  Points  of  Christian  Faith.   12mo^  2d. 

—  JVatch  Niffht  Lamps.     8vo,  Is. 


(y Kelly  {E.  de  P.),  Comciousness ;  or,  the  Age  of  Reason, 
8to,  1«.  6^ 

The   Christian    Sabbath.      By  a   Minister   of  CJurist. 

Tlie  Hebrew   Cosmogony  and  Modern  Interpretations. 
8vo,  sewed,  1#.    P.  44. 

Tlirce  Discourses  at  the  Dedication  of  Hope^trect  Chapel, 

Lirerpoof,  October,  1849,  hy  the  Rordn.  Xliomas  Madge,  James 
Martineau,  and  Cliarlcs  Wickstoed.    8to,  Is,  Od, 

Tlie  Trutli'Seeker  in  Literature  and  Philosophy.  In  Nine 
Parta.    8vo.    Edited  bj  Dr.  Leet. 

Tliom  (/.  //.),  Spiritual  Blindness  and  Social  Disruption. 
12m<s6<l. 

Preventive  Justice  and  Palliative  Charity. 

12mo,6d. 

'—'  Claims  of  Ireland.     12mo,  Crf. 


Illcksteed  {Charles),  Tlie  General  Assembly  and  Church 
of  the  Finthorm.    8to,  M. 

^ic^a^b^ ^ ^ ^-^s^e^g 
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MR.  CTIAPMAX'S  PUPLICATI0X8. 


Tfie  OphiioM  of  Prqfeswr  D.  F.  Strauss,  as  embodied  in 

hh  Letter  to  JItrset,  Orrlti,  a»d  Jlitzig^  at  Zurich  i  $pifh  an  Addrett 
tv  the  Peojde  of  Zurich.    %  Pn>(«*Mor  OivlU.    8vo^  lewetl,  U. 

Tayhr  (/.  /.)*  ^'«''*«  of  Individual  Effort     12mo.  6rf. 
Mutual  Adaptation  of  Human  Nature  and 


Scrijttmre.    Itma,  Id, 
The  Bible  our  Stumbling-block.    8to^  It. 


.S^pftulatibt,  JHoral,  anb  Social  Jlbilosopbn. 

lastfr  aid!  !•■•  A  Dialogue  iu  which  arc  diflcussod  somo 
oftlH*  important  Quntioiu  •iTfctiug  the  Social  Coiulition  of  tlie  lo- 
diutrioiu  CLi««i*»i  (xnii)>rii>iiig  Uwre  of  ]'o|raUitioii,  Siimilj  and 
Biniiaiul,  CoiiiiK*tition,  tin*  Poor  Law,  Ediuralioii,  tlie  >ranflii«c, 
thoDaUot.  By  H£>'KY  DOOTII,  £i4.  Fi*a|i.  Bto,  dotln  2«.  (k/. 
T.Gd. 

**  Plain  anil  pcnpiiiMmt  latiinuiP^*  an^  .  fl«»»in|;  fnnn  it,  arc  herr  put  in  an  intrlli> 
with  |^1l^l  mniimuo  9ctuc."—£toiiinmiM.     I  pNe  and  altractivr  tank."'^H'r»tmimttrr 
**  Political  rcuQung-,  mmI  tW  iiionlitiM  )  Beriew. 


Thf  ll»f  Mui  Prosrm  •f  ^iafUnal  UaratUn  !■  Eafslaail)  its 

OlHtl Ai'W,  Want  n,  niul  PriHitiii't  m  A  I^cttiT  t o  Kichanl  CobiWn,  Em., 
M.P.    IJ3  RICIIAKD  OUrRClI.   8vo,  i«ikt  c^out,  2#.  &/.  P.  <k/. 

**  Wrrr  wr  to  foltim  the  int|niW  «ilh  *  of  ^-iTaotr.  MnM^neta,  p«Taiiic«ilT,  and 
«bi«'h  il  hai  imi|niv<l  u«,  «<>  tlKHiU  trana«  |  forv«>  «»r  n*a«««niniE  that  nradrra  hi*  uani- 
tit  it  tMitin*  10  «>iir  |»a|;(»*.  Hut  lhi«4'anui4  |>hl«*l  mit  only  nmat  ia«tnuii«e,  but  hi|cblr 
lit* :  miflliv  il,  thim,  to  aay  that  th«*  ol^jtHi  [  lutcmtlint;  as  a  p«3-i*litiki|ri«*a1  bi«l«iffy.  ft 
ifthich  Mr.  Cliur«*b  pr«»|tiw4M  to  hitiiM*u  i«,  1  cml*nM>«*«  all  tli«*  'JtltitiMr  qui^tiitna  of 
*to  tttuch  upm  th«  riM'.  |»roinvMi,  ol»»la»  national  mlncalitni  (tmiiltinff  onlribe  aub- 
cl«*«.«ani«.  anHpn>«pti-t«or«tirkin):«4*la«a  |  j<^•l•  I  bat  abould  W  tau|Hit),  anil  it  d<<ala 
rdiicalitm.'  Th^  attih.tr  pumuM  tb^  dia>  mitb  tbMu  »iih  •  aiaaler'a  band."— II >•<• 
ctiMkiB  uf  tbeae  queatioua  miib  •  d^iptv*  I  miiutrr  JTcrvrr. 


Thf  P«»lthr  PIiIUmiiiIi)  of  Aafcisfr  f«Mtf.  Trau2<l:itcd  aud 
CoiiiUnMHl  bv  llAKKIKT  MARTINEAU.  2  voU.  Laruv  Port 
8vo»  iloCli,  idr.    P.l«.6«/. 

Thf  Prinriplfs  •f  ^ialarr,  hrr  Phhr  lfvflatiaii»y  umi  a  Yaire 

to  ^laiiknia.    By  aiul  ihrou^'U  ANDREW  JACKSON  DAVIS. 
2  \ola.  8vo,  doth*.    Original  priiv,  18». ;  rvUuanl  to  lot,    P.  U, 
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The  P«|iahr  Viirks  •f  J.  IS.  Pirlitf.    2  void.  \Ky»t  8vo,  cloth 

£\.  P.  S«.  Ca»i|>riitiii(;  tlie  Voi*atioii  of  iXw  MmUt;  t)ie  Xaturo 
of  tlH*  Si'liola^;  the  Voi-ailioii  of  Mnii ;  tin*  ClmnMitwtios  of  the 
PiViMiit  Affc;  liu'Wav  towanU  the  l)k*«kHl  Life:  ami,  in  atUlition, 
a  yicnuAr  of  Fiihto,  %  WILLIAM  SMITU.  Each  of  tluMc  may 
be  had  tiiMnti^ly. 


A  $.vstfn  of  l«ral  Srimrf.   Bv  L.iWBKNCE  P.  HICKOe; 

aiitlior  of*  Rational  P»}vliology,*  etc.  Boyal  Sro,  boanla»  12a.  P.  1«. 


lMf)f  and!  lorab  i  A  Book  for  the  Times.  Containiug  an 
atti*iupt  to  explain  the  nature  of  Mom*}*  Capital,  and  tlie  probablo 
efltvtiiof  the  New  Gold  on  Connnerve,  InconH*»,aud  Ihiblic  Morala ; 
with  MUK*  8u«!i;e«tions  rehitive  to  tlie  A)^eiilturjl  Interact,  tlie 
Condition  of  Xo\viii>,  and  tin*  Xatioiial  Defence*.  B}'  JOIIK 
LALOK.    8vo,  clotl^  lOt.    P.  1«. 

**  Btilli  in  iiMtler  mid  •trie  it  is  altkr 
cstvlknit ;  and  it  m  diltU'ult  to  tlrtomiiitr 
whtMher  Mr.  l4iU»r  Km  pliic^  the  puklic 
umlor  irrmtor  ob1i|;ati«m«  Ity  the  aliililr 
with  which  he  h««  iuv4>*ti|;«ieil  ik'venil  oi" 
tho  iiMwi  alwtnim'  qiu^Klinna  «hii'h  |H*r)ilt>z 

iHililical  «vi>iK>ittii>t«— l>y  lh«'  folii-itous  and 
omM«>  Ul1l}PM)^•  iu  which  hi*  iiicaiiiiif;  ii^ 
unifitniily  i>>u\e3-iM->^»r  liy  tht*  hii;h  UH>ra) 
tiMic  whu'h  |H'i^Md«*s  tni'ry  iiart  i»f  hi* 


Kart*Iy  luin  )»hiliiw»|iiiy  awuiiiod 
•«!  at  tract  it  f>  a'  piHs  or  a|t|H.*ar«Hl  in  a 
ttMunio  illuniinal«Hl  by  «o  uiany  of  thf* 
a|Hini;h*«  of  a  lively  hut  chant i*n«N]  fancTr; 
ami  «chU>ni  ha*  the  int iniatc  r«*hitiim  w hii'h 
iiitMt  |*crM»iiiif<vl  tooiiHl  Wtwtiti  the  ma- 
terial and  Uteiral  cinidttimiauf  aticioty  U>en 
»«)  clearly  and  thof\m|;h)y  eiiH>uudt*d.*' — 
JI/ur«riwj7*rAA»NJWe. 

**Tht*iie  e«Mva  fHtMeas  great  merit  both 
of  «tyle  and  of  matter.  They  are  written 
with'addr«*««  and  |u*r»UM«i«Hi'.  and  are  m>t 
IcM  remarkable  tor  )»n*f«»und 


judpncnt  and  eitrenn*  mclnpliyMenl  re- 
Ihienicnt  than  for  a  delicate  |»!ay  of  |im'lic 
fancv,  which,  at  the  Mime  time  that  hi« 
mind  i«  sir«Mit:tliene«l  and  enrichtnl,  al- 
Inrea,  unrprisH**,  and  iH'innh**  the  imafnmi* 
tion  of  the  reader.  It  in,  in  a  wonl,  an 
attractive  and  quickenini;  work,  in  which 
the  )(raciical  }tnHvi>l«  of  a  b«*ni}rn  and 
elevaiisl  )diil«MO|ihy  are  nnitod  in  the 
happiest  »>nil>in:ition  with  the  irraeea  of 
elegant  and  linrmonitHii*  vinupotfiiion." — 

••  Neither  n  party  nor  a  ftnp«*rflcial  prt>- 
duetiou.    Mr.  Lalur  i«  well  vened  in  aU 


the  writin|!«  of  th«  Moiiomiata,  and  noC 
only  in  them,  Imt  in  mnch  other  literm- 
tuiv;  and  he  poura  out  liia  aturea  with 
lEreat  fa«-ility,  and  in  a  very  enuTful  man- 
ner. K»MMitial]y,  the  book  ia  politieo- 
(Vimtvniieal,  but 'it  is  al«o  social,  UMiral, 
and  literanr,  treat in^i  many  of  the  lofiioB 
of  the  day,*l»ut  treat ui|;  them  vm  aeientillo 

|»rim*i|de'  If  a  tem)M»rarT  eirrmnolance 
lave  pven  liirth  toiheliO(»k,ihe  materials 
f«tr  it  have  been  leathered  thriHi|{h  yearsoT 
study,  by  much  rradiiiK  and  ivllcetioa.** 

**  A  \enr  aide  and  Inniinoiis  trratiae  oa 
the  im|iorlant  quest iiHis  of  eapital,  eiar- 
rem*y,  credit,  ami  the  nMiiN*tary  syalea 
p'iH*raUy.  Tlie  autlitir  ix  «>iu|!ulariy  ck*ar 
and  a«*curate  in  his  tMiiiitiims  nf  tlie  \ari- 
oua  l»raik'hea  of  what  is  itmiiuoiily  railed 
nioiier,  or,  as  he  more  prveisely  di*flnei  H, 
'  purclianin^  inmer  ;*  and  |davn>  lH*rureth« 
r«'ad«*r,  in  as  simple  t«>rut8  an  the  sulijeci 
will  |H*rmit,  a|«ictnre«if  the  niodeinanieh 
itHHmieaiid  capital  rei*i|*rocaUy  create  and 
aucnieut  each  other.  A  |H'nH>u  with  avery 
ehMitentanr'  noti«m  of  the  )»rinci|ile«  of  |io> 
litical  eiinMmiy  and  iiMmelary  scii*nve  nisy 
readily  f(»n«iw' and  eolupMn'nd  his  armi. 
nients,  ami,  as  ht*  gnHvn  oa,  will  be  ensliled 
to  appreciate  the  merit,  of  the  aulbor'a 
dtsluctions.  Tlie  auliject  ia  one  of  deep 
interent,  and,  th«Ni|;h  not  cuneumnK  in 
all  tin*  views  it  eontaiiia,  ae  can  fairirpn»> 
mninee  the  work  to  lie  a  valuable  nmtri- 
butitm  to  the  atndy  uf  the  kcienee  ua 
nhieh  it  tivata."— Jlvratay  JJetrtutr, 


-e>^:^ 


^^^^^9^ ; 
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Thf  Agf ■($  •r  ChiliutiM.  A  Seriet  of  Lectuivt.  Dj  WILLIAM 
MACCALL.    ISmo^  cloth.    Oiigiiial  price,  St.  6<f.j   reduced  to 

The  EdJaraf  ioB  •f  Title.  A  Series  of  Lcctum.  By  WILLIAM 
MACX?ALL.  12mo^  paper  coTcr.  Original  pricf^  2«.  6tf.  s  reduced 
toU.   v.ed. 


The  f  r»grfss  rf  tke  iBtrllrcl,  as  Exemplified  in  the  Beligious 
DcTdoimicnt  of  the  Greek*  and  Ilebicwa.  Bj  &.  W.  MACKAY, 
M.A.    2  ToU.  8to^  doth,  21r.    P.  2«. 

*'  Mr.  Marluiy  lirinc*  fonrard  in  rapport  i  fa  tbne  nfpeH*;  is  emr  men  dij  we  re> 
of  bin  Tiew*  iiB  aiiMNiut  of«tiMlilkNi  which   mrmlm  Btme,**— Antwiji^. 


win  pnire  formidaUl^  to  hi*  anlagoniMti. 
Mfwl  uT  the  lH*«t  Ormum  edition  of  the 
Greek  and  Ljitin  eUiMiir*  weem  to  be  |)er> 
fei'tly  familiar  to  the  auth««r.  who  kmrna 
well  how  to  wield  tneh  pondeftraa  mate- 
rial*. .  .  .  The  aceount  of  the  theo«o|ihT 
of  Arintotle,  pTen  in  the  lint  Tolunie,  » 
rridently  the  produetion  of  n  auMter  of 
the  •uhjeH."— .4/Aea«ww. 

*'  *The  PrMTTM  of  the  Intellect*  k  in- 
r>ompaniM.T  the  nioat  important  r«intri1ia- 
tion  jet  nuMie  l>r  any  Knitlinh  writer  to 
Tiew«  firnt  broatfir  put  forth  bj  rational- 
ist ie  Oem»n  theofoeians.  He  haa  widened 
their  l»amM— pven  them  fireer  sciiiie  and 
larpfT  aim*  -nupportetl  them  bjr  Attwe*  of 
■•  Tarion*  and  atfumuLited  lea'minfc,  ami 
imparted  to  them  all  the  diipiitr  which 
can  lie  derir«Hl  IVoin  a  aolier  and  weiithlj 
atjrle  of  writing,  and  fi»m  pwcenwc*  m 
th«mi(ht  to  which  imnicination  and  reason 


Cher  the  Taiit  are*  of  riood-hnd, 
lioonded  oa  one  side  bj  the  war*  of  th* 
ChriMian*,  and  on  the  other  br  the  la^ 
book  of  the  Od.Twiey.  he  bn  thrown  tbe 
penetrating  eWetric  li|[ht  of  modem  aei- 
ence,  and  iound  a  ineaninc  for  ererr  falde 
and  eTcry  |»luintoin  bv  which  the  mjrateri- 
fMU  reciitn  i«  hanate<f.*'— .4/l««.     > 

**  All  the  Tiewa  aiv  jvstiHed  bjr  anthori- 
tiea.  The  work  emltrace*  many  important 
•ulifert*  included  in  ami  sn|»e«ted  br  th* 
relipiHi^  thetHrie*  of  the  Orreka  and  He- 
brewa,  and,  fnnn  thi*  minute  accnraer. 
wis  be  a  atorehon«e  fifr  aricnmenta  and 
facta  lor  thoae  dinpoH^  to  attack  the 
theorie*,  if  not  lor  thoae  who  hare  an  in- 
tere*t  in  defending  them.  For  *  book  to 
fun  of  lenminir,  it  b  remaihabfy  wcO 
written." — JSraiMatfitf. 

**The  work  before  n*  eihibif*  sn  in- 
dttstrjr  of  reaeari'h  which  remind*  ■•  of 


contrilmte  in  almost  eonal  decfve*.  Tht«  Cudworth,  and  for  which,  in  recent  litera- 
i*  nBU«ual  praine :  Imt  it  ia  due  to  untt«n«l  turr,  we  muM  week  a  parallel  in  Germany 
powera;  and  to  lie  offered  to  Mr.  Mackar  ;  rather  than  in  Ensfaind,  while  it*  pbikv 
quite  apart  IWmi  any  acreement  in  tWe  aophr  and  aima  are  at  cmee  loAr  and 
tendency  or  olifect  of  bin  treatiae.  Wc  '  practtcnl.  Scattered  throuffh  ita  more  sb- 
will  mi«  even  aay  that  we  have  read  it  with  ,  atniae  dinquinititma  are  fimml  paMtafe*  of 
aafOcient  care  <»r  critical  ipiiilance  to  be  '  pre-eminent  benutr— teemn  into  whi«-h  are 
ent  itled  to  offinr  an  4i|iini«m  on  the  aound-  ali«oriied  the  flne«t'ray«  of  tnleUi|renee  and 
ne*a  of  ita  crittci«ni  €»r  reaaonini;,  or  <«  .  feeline.  We  lielieTe*  Mr.  Maekay'a  work 
the  truth  or  falsehood  of  ita  |«Mrticu]ar !  ia  unique  in  its  kind.  .  .  .  The  snalvai* 
concluMona,  or,  indeed,  oa  anythinit  but ;  ami  hintorjr  of  the  theorr  of  meiliatWm, 
its  manifcrt  laliour  and  patiem^,  the  rare  IVtun  its  earliest  mrthical  emiMMlimenta, 
and  imiispulalile  monuments  of  kmtwle«l|re  are  admirable.  both'tWmi  their  nanoramie 
which  we  fimi  in  it,  and  the  *nr|>ri»inis  lireadlh  and  their  richnea^  ia  ulustrBtive 
rangeofmelhod  it  iaeludes— kvifal,  phi.  details.  AVe  can  onlv  reeummend  the 
losm>hi«*a1,  and  imairinatiTe.  Nfit  nuinr  rea«ler  tore«ort  himsellTtothiatreasunrflf 
books  have  at  anr  time  lieen  puldii^hcil  minified  thuufht  and  leamiaf.**— II  e*r. 
with  iuch  irrc«iatiUe  clainia  to  attention   mimfter  Serirtp,  Jaa.  1,  Ittl. 

Ittfrllfftnal  Rrll^ioMi  Btnng  the  lutrodnctory  Chapter  to 
•TIh»  Propnps*  of  tin*  IntcUot-t,  n«  Exoiupliflotl  in  the  Koligion*  I)e- 
TolopiiKnit  of  tlie  Greek*  and  Uebtvw*.*  By  R.  W.  MACKAY, 
M.A.    8ro,  pa|KT  corer,  1#.  6tf.    P.  6tf. 
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Iftfcrs  fr«n  IrelaMfi.  .Bj  HARRIET  MARTINEAU.    Reprinted 
from  the  DaiV^  Xeww.    Po«i  8to,  cloth,  Off.  6<f.    P.  6<i. 


'*  ETerr  mie  of  tlM>«e  iHtert  contain  pn«- 
MijSM  w«»rthj  at  iitl«>ntion.  .  .  .  The  rr- 
pul>lH*ation  of  Mii*  Martinmn'a  LHters 
A«  a  verj  lato  d^mTiplum  of  Ireland,  will 
be  uniTenally  Mvrptable.'*— JEc«a«aiiitf. 


We  entertain  no  donbt,  then^ 
that  oar  rendera  will  njoice  with  na  im 
haring  these  eontribntiona  bron^t  tope*- 
ther  and  preiieuletl  a|fain  to  their  aoliee  m 
■  compact  and  inviting  form.**— ^/■^■crer. 


n 


Vtiitn  OB  the  Laws  of  lan^s  ^Salire  tui  DcrflojinfMt.     Bj 

H.  a.  ATKINSON  and  HARRIET  HARTINEAU.    Port  8to^ 
cloth.     Original  price.  Dr. ;  rcduood  to  5«.    P.  1«. 
**  Of  the  nianr  remarfcaMe  facta  related 
In  thialiook  we  can  «ay  liftle  now.    What 


rather  atrike*  n«  i«  the  eleratina  influence 
of  an  arVnoaictitrraent  of  rngftfrg  in  anr 
form  at  all.  In  apite  of  all  that  we  have 
•ahl,  there  b  a  tone  in  Mr.  Atkinaon'a 
thouf^hu  far  alwve  thoae  of  uhmI  of  ua  who 
live  in  alaverv  to  daily  experience.  The 
worid  ia  awiul  to  him — truth  ia  aacrcil. 
However  wildly  he  ha"  wandered  in  »<nm*h 
of  it,  truth  ia  nil  for  which  be  cam  to  live. 
If  he  ia  dtifnmitic,  he  ia  not  vain ;  if  be  ia 
drvinc  up  the  fimntain  of  life,  yet  to  him 
lite  ia  htdv.  He  doea  not  care  for  fame, 
for  wealtli,  for  rank,  for  reputation,  f«>r 
nnvthtni;,  exceitC  to  find  trutB  and  to  live 
beautifully  hy  it ;  and  all  thia  liecauae  he 
feela  the  unkmnm  and  terrible  forcea 
which  are  bu«y  at  the  warp  and  woof  of 
the  marveUoua  eziatence."— /Vi»er'«  Ma- 
gmzime, 

"  A  Imok  firom  the  rea^ninsa  ami  con- 
doaiona  of  which  we  are  liound  to  exprets 
our  entire  disaent,  but  to  which  it  ia  im- 
nos«ib1c  to  deny  the  rare  merit  of  iitricte«t 
noneal3*  of  purpoie,  aa  an  tnvc«ttgation 
into  a  auliject  of  the  hi};he«t  im|iortaiice, 
uptm  which  the  wiaoat  of  na  la  almoat 
entirely  ignorant,  tiepin  with  a  aincere 

de«iretoi>enetratetheniyatefT  andaacer>    _  _, ^...    . 

tain  the  truth,  nuraued  with'a  brave  re-  !  aubiect,  for  the  moat  part  intricate 
aolve  to  ahrink  from  no  rmult*  to  which    nerplcxinir,  an   li 
that  inquiiy  might  lead,  and  to  atate  them,  {  ll^eWjr  Din/Nrfcl. 


whatever  reception  they  might  hare  i 
the  worid."— CVtfic. 

"A  cttrioua  and  valnalde  contribatioa 
to  |iaycholopcal  acience,  and  we  ri^;arA 
it  wil'h  intcreat,  aa  containing  the  Iteat 
and  fuUctit  develO|nnent  of  the  new  theo- 
riea  of  mcaiucriam,  clairvovancCp  and  thm 
kiuilred  h\-p<Mhe«ia.  The  fmok  la  replrt« 
with  profound  reflect  iniM  thrown  out  in- 
eidctttally,  ia  diatiuirutnhed  by  •  pe<rttliar 
ele;:ance  of  at  vie,  and  in  the  handa  of  m 
calm  and  phAommhical  theologian  nmr 
aerve  aa  a  u^cfm  prM»  uf  the  mo«r 
fonnitlablc  difllcultiea  he  baa  to  contend 
againat  in  thd  preaent  6aj.'* — IVreU^ 
yetea. 

"The  Letters  are  remaritaldo  Ibr  tli« 
analytical  powcra  which  characterixa 
then'i,  and  wDl  lie  eagerly  rend  by  all  tboa* 
who  appreciate  the  value  of  the  aaaertioiip 
tlial  *  the  proper  atndy  of  mankind  ia  man.* 
The  range  of  reading  which  they  emitodr 
ia  no  IcM  cxtemdve  than  the  aincerity  aa 
well  1%  de|)th  of  thought  and  enmestneaa 
in  the  aearch  after  truth,  whidh  are  their 
princinal  Icaturea.  Without  aflectatioa 
or  |tedantn*,  fanlta  arrived  at  by  an  eafv  n 
trau«ition,*they  are  marked  by  ahnplinty 
of  dtcli«ni,  W  an  eaae  and  grace  «n  lan- 
gua^  and  ezpreanion  that  give  to  n 
"     ""  *  *  irit'ate  and 


I  ^rplcxing,  an   inexpreasible  charm.**— 


Lfrfnrfs   •■    Politlral    EroMiny.    By  FRANCIS  W7LLIAM 

XE\VM.\X,  Author  of  *Plia«c*  of  Faitiy  « History  of  the  llt»biw 
Monarchy,*  etc.  Post  8ro,  cloth.  Original  price,  7«.  Cd, ;  leduced 
to6#.    t.U. 

**  The  moat  able  and  inatmcttve  book,  I  tiuguiahea  it ;  but  only  thoae  who  hava 
which  exhibita,  we  think,  no  leaa  moral  |  Rome  ex|terience  in  lectnring  ran  nndciw 
than  economical  wiadom." — Pro*p^eiirt\  atandtheamount  oftliought  anddexteritr 
Meriete.  >  required  to  keep  racfa  a  aulijecl  within  inch 

**  For  a  Incid  statement  of  principlea  in  !  narrow  limit «,  and  yet  not  have  a  tediona 
a  ainenlarlyciimnact  and  readalile  volume,  page.  .  .  .  The  lH*ftt  manual  or  intruduc^ 
we  know  of  notning  ci>m|iaral»le  to  thin.  :  tion  to  the  nctence  of  Fnlittcal  Econoiny 
.  Any  iH*rMon  familiar  with  the  t*ul»jcct,  and  with  which  we  are  acquainted.  .  .  .  \\e 
the  wnlini:*  n\vm  it,  will  appreciate  the  •  Nend  our  readers  to  1lic\tilume  iturif.wilh 
union  of  fulness  with  brerity  which  dis- '  our  emphatic  commendatl<m.*'—JUiN/rr. 


^(^S^^^b^- 
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PhrcMUg}',  Ps}rli«b^'^  nut  PHfnnuit^Ug')  or,  the  Iiniiort. 
anee  of  Training  tlio  Wliole  Being.  By  an  IntroTiior.  Crown 
8TO,2t.    P.  6(1. 


Thf  Pnblif  PanrtUii  •f  W^man.  A  Scnnon  preached  at  the 
Muiiic  Hall,  Man-U  27,  1S53.  By  THEODORE  PARKER,  Mi- 
nister of  the  Twent}  fight U  Cougivgatioual  Society.  12iuo,  Gd, 
P.  S<f. 


Thf  Pnrpase  af  Exisif  arc.  Popularly  cousidered,  iu  relation 
to  the  Origin,  De%-elopment,  and  De»tiny  of  the  Human  Mind. 
Crown  8vo,  cloth.  Original  pritie,  7«.  Od.;  rcdiuvd  to  3t.  &/. 
P.  1#. 


"This  mns«iliirir  thtmirlitlVil  mwiv  mi« 
1irMH*ii  M  wiiJ(»  ninir«'  of  tu|Hf«,  IhiI  wilhtMit 
^ rr  (WiMrt init  tnttn  it •  |tru|)«*r  I beiiir.  I n 
the  perfomiAaue  uf  his  U»k,  the  author  ha* 


(iMpUyed  iprat  |K»«-<t  of  rHkcf  km,  mnch 
IrarDiiiK,  and  an  ekwittemv  ami  <plr\ation 
tttniyle  iMfiiliariy  appmiHUltf  to  the  toAu 
uMa'of  the  ■ttbjt^A-matler/* — Critic. 


The  Etlarallaaal  Inslltallans  af  Ihe  Inlteii  Stalest  their  Cha- 

mrtcr  and  On^nixation.  Trannlntod  from  tlic  Swi*tli#h  of  P.  A. 
SiljcotKVm,  M.A.,  by  FREDERICA  ROWAX.  Port  8vo,  cloth, 
lOt.  6<l.    P.  1«. 

••  This  h  jiitt  on<>  of  tho«e  mlmiraMc  ' 
trral  !««<«,  on  a  ii|HH-ial  nultjet'l ,  arhk-h  woiUd 
require  f«»r  tb«»ir  «lu«*e\i)tMiiUm  nu  nmtnint  j 
ofaiuii-oiucttotmteiil  «iibimrotlH*rituiit'«,  i 
—ami  which,  Uien*fi»r«*,  niuM  I*  t'harno- 
1i>ris«d  rathor  Ihaii  rihiliitisl  in  thinw*  c»>  j 
lumna.    It  lakp«  in  prtMly  mv\\  iho  alKile  ; 
•u)(itH*t  «if  |ii»|Niliir  <Hlu<*iili«m  in  Anu'riva. 
— UiiKniMMv  it  with  anipk'  koowk««l|te,  auJ  . 
in  a  cahn,  nMaruline  a|>iril.     We  retnan-  , 
mead  it  to  all  rraden  iutemted  fai  tha . 


irmeral  qncalion  of  pufnilar  teachiaf .**-— 
^/Ae»tfv'■■• 

**  Well  written,  ami  well  tranalateil, and 
i«  wiMt  it  uunt«>«'>a  to  lie."— £(«iio<«iW. 

•*  A  wttrk  or  irreat  altiltl  r." — Rrttmomrr. 

**  H«i  aiinirate,  Aill.  ami  admiralilT  rla«M«. 
fled  a  Tiew  of  the  Aiiieri«*an  Julut^atkaud 
1  ii«l it ut ii>na  ext«t«  nowhere  dae.  It  haa  at 
(wee  t*«tahlii>lied  itaelf  aa  the  riaaak'al  work 
on  Ike  auhjiiA.*'— Am/jt  3nra. 


Sarlal  Asper (s.  By  JOHN  STORES  SMrm,  Author  of  *  Mirabcau, 
a  Life  Hinton*.'  Po#t  8vo,  cloth.  Original  i»rice,  6». ;  n^Iuccd  to 
2b.  6d.    P.  1«. 


'*This  wtvrit  ia  the  pmdm'tkin  «tf  a 
thinitfhtful  tniml,  and  of  an  ar«l«*nt  and 
eanuM  ii|nrit,  ami  ia  well  doaenini*  «tf  a 
peruaal  im  rjirnrnt  liv  all  iIkmo  wh«)  n'flivt 
«m  Ml  aiik*ntn  and  ini|Mir1ant  a  theme  an 
t  hf  ful  urv  ik*At  iny  uf  t  lieir  uat  i\  e  i-uunt  ly  .** 
— 3/ur«ti«y  CkruMicle. 

'*  A  work  of  whtiae  merit*  we  can  har«11y 
afieak  too  hljjhhr ."— /w7*  tsirg  0*izette. 

"Tim  lNH>k  lia*  awaktiMHl  in  ua  wuiny 
naiiiful  ihouicbta  and  int«ii«e  fisdinir*.  It 
la  fearAiUy  irae^paaakmale  in  iia  ap- 


limidinirs  amH^rinir  In  ila  exm>wrea-~ 
y«*t  full  «if  wi^krtii,  ami  jicn  ailed  liy  an 
eanieal,  kninK  a|»iril.  The  author 'aeea 
thinc^  aa  th«*y  arv  -t«H»aad  and  too  real 
for  ailemv  —  and  ciiura|:e«wi«lv  lelU  of 
tlieiu  with  atem  ami  hiMK^a  truth. 
.  .  .  We  nn-ei^e  with  |ilea«ure  a  work 
iM»  fre«*  fnmi  |Milite  li«pi»irs  pretty  theo- 
rixinjTi,  and  cwiitinir  |iffsi|;reMioiii«ttw ; 
«|H*aLiit|{,  aa  it  doea,  «>anie»i  Inilh,  fear> 
knisly  but  in  lo\e."— .Yv«rvrf/!/rMiW. 


^i?5^ 


e '  -— 


g^?c9^ 
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The  Crmt  Sin  •f  Great  Cltlrsj  being  a  Eepriiit,  by  ret}ue8t» 
of  an  arliolc  entUIod  *  Profit ut ion,'  from  tlie  'Wesfmiiislcr  and 
Fonngii  Quarterly  Bericw*  for  July,  1850.    8to^  sewed,  Ir.    P.  Ad. 


Serial  Slatirs  \  or,  the  Conditions  Essential  to  ITuniau  Hap- 
By  UKRBEBT 


]>iii»is  SiHvififd,  and  tlic  fiivt  of  tlicin  Dovclo|iod. 
SPENCER.    8ro,  cloth,  prk<e  12*.    P.  U. 
**  Mr.  8|iriMHT  in  bi«  mlAe  and  loiriciil    »ei<iM?e  of  tovMl  pulilr.''- 
work  nn  '  Socul  Slatici'  .  .  .  ."— Jm/m-    aite. 
harpk  Herirm. 

**  It  d«w>r\-M  very  hifh  pnuM."— JTipra 
BritiA  Jtrriett. 

*A  nMimrkable  vork.'*— Brt'/MA  Qsirr* 


'•Av/SmU  be  niMt«kra  if  thi«  book  do 
not  annwi  in  orpiiiuiiiK  thai  hu|fp  nuiM  of 
llMHiKht  whk-b,  for  want  of  a  mure  n|)ei*iffc 
name,  i*  now  called  Liberal  0|>inion/' — 
AikfiMtmm. 

**  It  ia  the  moat  eloqnent,  the  nioat  in- 
tereatinft,  the  nioat  c4i*ar1r-ex)»rt««MHl  and 
logk-alhr-muuwed  work, 'with  viewa  the 
■MMt  original,  that  haa  af^iearrd  in  the 


-LUcrtuy  6*- 


*' .  .  .  The  book  will  nnark  an  «ppcli  ia 
the  literature  of  arientiHe  monlitjr." — 


**  We  reroemlier  no  work  on  ethira, 
aince  that  of  Sjiittoui,  to  be  ctHnpaned  with 
it  in  the  mniiilu«it)'  of  ita  itrvniiiiea,  and  llie 
l«i<,ri<*al  ri|:uur  with  whit-n  a  ctim|>lHe  ajra. 
letn  of  ai-ienltllc  ethica  ia  etolved  from 
1hem."~J>«>fn*. 

**  The  t-arrful  readinj*  we  have  i;iven  it 
haa  luMb  alTonleil  u«  intenae  |tleaaurp,  and 
n>ndored  it  a  duly  to  ex|ireiia,  with  un- 
UAual  em|iha«ia,  our  oraniou  of  ita  lErent 
ability  and  ex«!4IeBce.  --AoM«i(/iRrM«f. 


The  Elf  neats  of  Indhidaalkn,    A  Series  of  Lectures.    By 
WILLIAM  MACCALL.    Po*t  8to,  clo<K  7#.  W.    P.  U. 


''  It  ia  a  biK>k  worthy  of  peruaal.  Even 
thoi«e  who  ran  Jiml  no  sympathy  with  ita 
|>hiliMi>|»liy,  will  derive  i»l«*a«ure  and  im- 
provement  IVoni  the  luaiiy  ex(]uiiiite 
tiMit'heii  of  fet^ltnj;.  and  Iho  uiany  pioturea 
of  Itenuty  which  mark  ita  paaea.* 

"  The  exiHinaivf  nhikiMopby,  the  pene- 
ffliei't,  anil  thi'  i;furfa1  humanity 


trativeinti 

of  the  author,  have  n^ndered  the 


>£le. 


nienla  of  Individnaliant*  •  book  of  atranf 
and  iceneral  iutereal.*' — CrUie. 

"  We  have  been  nnpilariy  inlereated 
bv  tliia  lM>i>k.  .  .  .  Here  b  a  apenker  and 
thinker  wlMvni  we  mav  aeenrely  feel  to  bo 
a  l€>ce'r  iff  trttlh^  exhibitinc  in'hb  work  • 
fonn  and  temper  of  mind  very  rare  and 
|>eeuli«r  in  our  time." — JlauHtt^der  iunt- 
mitter. 


IJistorn  anb  ^nograp^m 

k  Hblar}'  af  the  Scssioa  l$3S-3^  a  Parliamfttfaiy  letroKpfrf. 

Fcap.  8to,  cloth,  U. 


Life  and  Lfllrrs  of  JiMl^:;e  Star}*,  the  eminent  American  Jurist, 
AsMH'iatc  Justice  of  the  Simivme  Court  of  the  United  Statea,  and 
l)aiic  PivfeMor  of  Law  at  llunard  Univowilv.    Edifwl  bv  hia  Son, 
n  WILLIAM  W.  STORY.    Witli  a  Portrait.    2  rola.  sVo,  cloth. 

C  \  Original  price,  dCl.  10*. ;  reduceil  io  £1.    P.  3#. 

^  **  Gr(*a(er  than  any  law  Writer  of  which  |     **  We  look  in  vain  over  the  \t*tS^  Ittera. 

Kiictand  can  Inia'tt  8iui*ethedayauf  Blark- 1  turo  uf  Eii|;laml  fur  nanMm  to  jnit  in  com. 
atono/'—JLvrJ  Ctimidrcll,  ta  ike  Jlimae  vfi  p:iH!M»n  with  tboM*  t»f  Livinfeiit«me,  Kent, 
LonU,  A^ril  7, 1813.  |  and  Sti»iy.  .  .  .  AAer  readinc  hw  (Jud|,'0 


n 


2G 


s^^ 
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(Horj'a)  Life  And  Mi«(vllan«<(Ms  Writiii|[«,  |  h\»  ton,  it  •dminlilj  dtffp«l«4,  «nd  written 
there  can  be  no  diflloullj  in  amNintinc  I  in  n  style  which  uMain^  the  atiention  to 
for  hill  |)er)ion«l  influenoeuid  popularity.  I  the  )a«t,  and  oecwnonaUr  riaea  to  true  and 
— £  Hrnhmrgk  Rtviett.  atriking  eloqocnce."— Aiec/ie  JUcuw, 

«*The  bwgrapby  befora  oa.  wriltM  bj| 


The  Life  nf  the  Re?,  iwtfh  ■!«■€•  XHAit.   Written  hj  Him- 

K\f.    With  Portions  of  hit  Corrnponileiice.    Edited  br  JOHN 

UAMILTON  TUOM.    3  rob.  pott  8to»  doth,  doth.    Original 

price,  £1.  4f.  s  redaoed  to  15«.    r.  St. 

'*  Thin  ia  a  Imok  whiHi  riveta  the  atten-  '  the  peculiar  conatrvetion  of  hia  mind,  in 

tion»  and  inakea  the  heart  bleed.    It  baa,  i  its  ckMe  union  oTlbe  moral  with  the  intel> 

ifidred,  with  reifari  to  himaeif,  in  ita  aub- '.  lertual  facnitiea*  and  in  ita  reatleaa  deaira 

stance,  though  not  in  ita  arrangement,  an  '  Ibr  truth,  which  may  remind  the  reader  of 

alnioMt  drainHtic  character;  aodeariyand  [  Dr.  Arnold.**— SlMwfaer. 

atmnirly  it  the  liriti|e,  I  hinkinjr,  actire  man  \     **  There  in  adepth  and  force  in  ihia  book 

pnnected  flrom  the  lace  of  the  recorda    which  telk."— CtriWiMa  Xememlmmeer, 

whH*h  he  1m«  left.  i     *'Theae  Tohimea  have  an  intereat  be- 

*'llii  apirit   waa  a  battle-Seld,  npon  ,  rond  the  character  of  Blanco  lUlule.  And 

which,  with  fludnatinir  fortune  and  aiu-    beaide«theintrini(icinterc«tofhiaaelf>por> 

"ipilar  intcnwtr,  the  powen  of  lidief  and    truiturc,  whoae  character  ia  indicated  in 

acepticitra  waged,  IVum  firtt  to  laat,  their    anme  of  oor  eztracta,  the  corrcapnndence. 


I  tractiona  in  iltflf,  withoat  any  rrintion  to 


IVhitc'a)  repaUtioQ.     There  la  mnch  ia   waa  pnUiahed.' 


irpoae  with  which  it 


il  purpose  1 


Iils(«rlfiil  Skf tfbft  9t  ikt  DM  Palnfen.    By  toe  Author  of 
<T1m  Log  Cabin.*    Pott  8to,  2«.    P.M. 


The  Life  9t  Jean  Pari  Fn  tlrUcr.  Compiled  from  various 
tourcct.  Togi'thcr  vrilh  hit  Autobiography,  tninthited  from  tlic 
Ocrman.  Second  Edition.  Ilhutratcd  with  a  PoKrait  cngrarod  on 
8tei^    P«it  8to,  doth,  7«.  M,    P.  It. 


antobioffraphy  of  Sichter,  which '  Jewel  on  every  grnaa-hlade,  and  aowing  the 
only  to  hia  twWfth  rear,  ia  one  of,  earth  at  large  with  orient  pcaria.  But 
«t  mtemttns  aindies  of  a  trueideep<»r  than  all  these  liea  hnmtmr.  the 


••The  I 
eitendaf 

the  mmt  fntemttng  aindies  of  a  trueideep4»r  than  all  these  lies  linmtmr,  the 
poet's  chiklhootl  erer  giren  to  the  world."  >  ruling  quality  of  Richter--aa  it  were  the 
— Loire'0  EJimbmrgk  Mtj/ifsimt,  icrnlral  lire  that  penadea  ami  liriAea  hia 

**Ri«>hter  ha«  an  intellect  Tehement,  i  whide  lieint.  lie  ia  a  humnrii4  fn>m  hia 
meocd, irreMsiihle, crushing  in  pieces  the; innviat  mhU ;  he  thinka  as  a  hnmoriat ;  he 
hanlevt  prtililemii ;  piercing  into  the  moM  ■  imagines,  acta,  feela  aa  a  humoriat ;  annrt 
hidden  cunilnnaiiona  of  lhin|pt,  ami  graap-jia  the  dement  in  whii'h  bis  nature  u«es 
ingthciiHMtdl-aant;  an inia:nnali4m vague,  and  wnrka.**->7Ko«aa  CttrtjfU, 
aoinbre.  aidcndid,  or  a|»|iiiUing,  briMklingl  **>Vith  such  a  uriter  it  ia  no  common 
orer  the  alirasea  of  Itctng,  wandering  j  treat  t«)  lie  intimately  acouainted.  In  the 
thr«>iigh  inflnilnde.and  anmnioMins  )*cfom  pntximity  of  grr4t  an«l  \*irtuoua  minds  we 
us,  in  its  dim  rrligiona  light,  ahapca  of  •  imliilie  a'|M»rtM»u  of  their  nature,— feel,  as 
brilliancy,  sailemnitv,  or  tem»r ;  a  faniT  orj  nie«iiieriM«  w«y,  a  h«>allbllnl  contagion,  are 
exiil*crauce  litcrallr  unexaniided,  for  it  I  brMoe«l  nit h  tlic  same  apirit  «if  faith,  liojie, 

Emr^  itH  lrea«nrp« « ith  a  lavi^nness n hich  |  ami  pntimt  emluram*c—  are fumi«h«*d  n  ith 
•on-a  BO  limit,  hanging,  like  the  aun,  a  i  data  fur  vk*aring  up  and  working  out  the 


^b^ 


i«^5^^ 
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intrie»l«  proMMa  of  life,  ud  mre  iakpircd, 
like  tliem,  with  the  iirMperC  of  iinaior1»> 
Ktj.  So  reader  or  ■euibilhy  can  rae 
fruM  the  penual  of  these  Tolametwithoat 
bccomiax  both  wiser  and  better.**— ^</4M. 
**  Apart  from  the  taterrat  of  the  work, 
at  the  life  of  Jeaa  Paul,  the  reader  learna 
•ooh-thiag  of  Germaa  life  and  Oermau 
thought,  aad  it  intnidueed  to  Weiiiiar 
durinc  its  moat  diiitininii»hed  period— 
when  Goethe,  Schiller,  Herder,  and  Wie- 
land,  the  great  fixed  stars  of  GermauT,  in 
eonjunetion  with  Jeaa  Paul,  were  there, 
•orrouaded  hj  beautifVil  mad  admiring 
women,  ot  the  most  rdlned  aad  exalted 
natans,  aad  of  pciacdy  rank.    It  is  ftiU 


of  passages  soaitractiiro  and  TalnaUe,  that 
it  la  ditBouh  to  nuke  a  ariection  aa  as* 

npira  of  its  character.**— Jaeajrvr. 

*'The  work  is  a  nselUl  exhibition  of  a 
great  and  amiable  awn,  who,  poastssid  of 
the  kindliest  f«!«Ungs  and  the  moat  bril. 
liaat  fantasy,  turned  to  a  high  pnrpuaa 
that  humour  of  which  Rabdab  ts  the  erput 
grandfather,  and  Sterne  one  of  the  Ime  of 
aaeestors,  and  contrasted  it  with  an  exaU 
tation  <^  feeling  and  a  rh^iaodical  poetry 
whii'h  are  entirely  his  own.  Let  us  T 
that  it  win  complete  the  work  T 


>[r.  Carlyle's  Essara,  s 
to  be  realfyccad  la  t 


fi  us  hopa 
:  begun  hj 


aaiiaer. 


I  oouatiy." 


THE  SEOOND  EDITION  OF 
listurj  9t  fkf  lebrf w  I^Barfhy,  from  the  Administration  of 
Samuel  to  tlio  Babylonish  C^ptiritj.  By  FRANCIS  WILLIAM 
NEWMAN,  fonncrly  Fellow  of  Balliol  CoUegp,  Oxford,  and  Author 
of  *  The  Soul :  Her  Sorrows  and  Her  Aspirationi^'  etc  Stou  doth. 
8«.6<f.    P.U. 


Hktulrc  it%  Crimes  iu  9eu\  l>ecfubr««  Par  VICTOR 
SCH(£LCU£R»  Bepr^ntant  du  Feuple.  Post  Sto^  doth,  St. 
P.  U. 

"There  is  much  that  is  new  in  it,  and 
eveiy  Mgc  is  curious.  The  hislaiy  of  tha 
seTersl  *prr>-cnttTe  arrests,*  wilU  which 
the  €oiip  dTtiai  opened,  is  told  with  cir- 
cumstantial minuteness,  and  reads  like  a 
Dumas  norcL*'— Xeailfr. 


wants  the  sitlendid  rhetoric  and 
B  of  *XapokVm  le  Petit,'  but  it 
compensates  the  dellHency  by  presenting 
a  circumstantial,  animated,  detailed  his- 
tory of  tha  eom^  dTilat,"  ^Wtwtmiiultr 


^^ 


The  nisturjr  of  Aiificiit  Art  auimg  fhe  Crcrks.     Bj  JOHN 

WIXCKKLMANN.    From  the  German,  by  G.  H.  LoDOS.    Beau- 
tifiillv  illustrated.    8to,  cloth.    Original  price,  12s.;  reduced  to 

e*.  p.  Is. 

with  attention  to  its  minute  derdopmenta. 
It  is,  if  we  nmy  use  the  phrase,  a  Gram- 
mar of  Greek  Art,  a  •<*«  ^«a  mou  to  all  who 
would  tbtiruuishly  iuvestitfate  its  language 
of  form."— Xj/rr»r«  IfarM. 

"  Winckebnaiin  »  a  standard  writer,  to 
a  bora  most  students  of  art  hare  been  mora 
or  leu  indebted.  He  possessed  extensive 
iufoniiation,  a  refined  taste,  and  great  aeaL 
Ilia  strle  is  plain,  direct,  and  roedfie,  so 
that  >-uu  are  never  at  a  loas  Ibr  his  mea»i 
ing.  8«»nievervgoodoutlinea,reprrscBting 
fine  tyites  of  Amient  Orevk  Art,  iUustrata 
the  text,  and  the  volume  ia  got  np  In  a 
style  wortbr  of  its  sttlQect/'-^^/ifcftflsr. 

**  To  all  Itners  of  art,  this  volume  will 
Ainiish  the  most  necessary  and  safe  guide 
ia  stud}-ing  tiie  pure  principles  of  uatura 


'*  That  Wlnckelmann  was  weD  fitted  for 
the  ta»k  of  writing  a  History  of  Ancient 
Art,  no  one  can  deny  who  is  acquainted 
with  his  pn>rouiid  learning  and  genius. 
...  lie  uudouMedly  possessed  m  the 
highest  de^n^^  tbe  power  of  appreciatiug 
artistic  skill  wherever  it  waa  met  with,  but 
never  more  ao  than  when  seen  in  the  garb 
of  antiquity.  .  .  .  The  work  is  of  *  no 
common  oriler,'  and  a  rareftd  btudy  of  the 
great  |trinciples  emiiodied  in  it  must  ne- 
cessarily loud  to  form  a  pure, correct,  and 
elevMtetl  taste."— -JSWrr/ic  J?«T/eir. 

"  Tbe  work  is  throughout  lucid,  and  Ave 
from  tbe  pedantry  of  tei-bnioality.  Its 
clearness  itMistitutes  its  great  charm.  It 
does  not  discuss  anv  one  subject  at  great 
'    '         ■  oTArt, 


length,  but  aims  at'a  general  \iew  « 


-^^^^ 
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wnd  hetMiT  in  emlire  art.  .  .  .  W«  can- 
not wMk  >icttcr  to  EnpUah  AH  IIhui  for 
m  i»-k1r  rinniUition  oft  hi*  invmliMbW  work." 

**The  niisturp  of  the  phflofioplier  awl 
uiiat  in  Winckriniann**  min4  fm\t  it  «t 
onc«  an  eWgnnce,  penetntion,  ai 


Mfv.  wiriek  ait^  kin  to  n 
Ike    tank    ko    undirtook. 
work 


irr^l  Ibr 
Surk  n 
oajskt  to  be  in  tke  Khrary  of  erery 
artiat  and  man  of  taate,  and  eren  tW« 
nioat  fenrriil  trader  will  And  in  it  mnck 
to  in«tmct»  and  muck  to  intcf««t  kirn.**— 


Italy  t  Past  and  Prfsent)  or,  General  Views  of  its  History, 
R4?lig]on,  Politioa,  Literature,  and  Ait.  By  L.  MARIOTTI.  2 
Tok.  poft  8to,  cloth,  lOt.    V.U.6d. 


"Tki«  i«  a  nMfttl  book,  informed  with 
IitcIt  ftH'lini*  and  aound  judirmmt.  It 
c«m1aiiM  an  «*ihibttion  of  Dalian  xiewa  of 
niatlcm  mifial  and  imlilical,  by  an  Italian 
will)  hnA  leamcvl  loMH^ak  throU|ih  Eii)!li«h 
th(Hi|;hta  aji  well  at  Knisliiik  word*.  l'^rti> 
etilarlj  vnhiableare  I  he  akrtchea  «if  recent 
Italian  hi»tory;  f4trthe|>roniinentrhanie- 
tern  are  delineated  in  a  nwdial  and  •rni< 
pathotie  Miirit,  ,vef  free  from  enlhii«ia«tif 
ideaa,  ami  with  uM^imrinK  dinrriniination. 
.  •  .  The  critidama  cm  'Tkc  Paat*  wiD 


-  peruaal:  it  ia,  howerer,  in 
it^  of  llalT  Ikat  tke  main  in* 


richhr  repay  i 
•ThePrrtent* 

lereat  of  tke  Uiok  rcwidea.  Tkia  volnroe 
d«)ea  not  merelT  pome«Mi  an  intereat  iihnl« 
Ur  to  tkat  of  nmteni|Minirr  wivka,  it  «up> 
plim  a  de«i4lmitnm,aiidia*weH  adapted  to 
aid  the  £ni;li«h  reader  in  fitrminx  a  just 
estimate  of  tke  creat  erenta  now  in  pro> 
irreiia  in  Italr.  y<A  the  lea<4  wonderful 
}Mirt  of  tke  iHMTk  h  the  entire  mantefj  the 
■utk<ir  kaa  actiuired  of  <  * 
JSjwittiaer,  AjrnI, 


Tlic  foUowing  notices  n^or  to  the  first  roluinc  of  tlie  vork  :^- 


**The  work  iiia«lmirable,naefVi],inatnie> 
tire.  I  am  deliKhiecl  In  flinl  an  Italian 
ef»min|t  forward  with  m  muek  nolile  en* 
thuxiatm,  to  vimlit-ate  hia  ciHintrv,  and 
obtain  f«n>  it  itn  mit|ier  ttttinr«*«t  intfcee^'ea 
of  Run>|ie.  Tke£nislii(hi«wuaderftiK  .*.  . 
I  ne>er  «aw  anr  apprvavh  1«>  aiich  a  ntyle 
in  a  ftirei^iier  fie1t>rp, — a*  full  itf  )M*aiilrtn 
dit'tiun  as  in  lhoui;ht.'*-'6*fr  £.  limfirrr 
Lfti^m.  Baft. 

**  I  ntinniiae  the  rare  characterixtic*  of 
ireniua  -a  Tariee  eimoe]>ti«m  of  the  t«»i»ie,  a 
piHureaqne  dictiim  f«miuled  on  profttuml 
IhtHi^ht,  and  that  |iami4»nale  aeiiititiiliiy 


ua  ia  allogetker  extranrtlinatj,  aa  that  of 
a  fiin>iinieri  and  in  the  hifsKer  quality  of 
tlum^ht  we  may  nnnmend  the  autkor  f*ir 
hia  acute,  and  ciAen  ori|{inal,  eriticiam. 
and  hia  outrk  perreptiim  of  the  fmnd  and 
beauiiful  in  hi*  native  literature/* — Pre*' 
rvft,  irf  ^i^  y^rfk  AmrrMim  Reriem, 

**  The  wt>rk  liefore  ua  oooaivta  of  a  eon> 
tinmHw  iMrallel  «if  the  politieal  ami  lite- 
rary  hi*ltifT  of  Italy  from  tke  earlieat 
|H*riod  of  tlie  Midtlle  A|:ea  to  tke  |»r««««*nt 
time.  The  author  not  «mly  {lem-tnitea 
the  inner  relatiima  of  thoae  'dual  a|ipear- 
aneea  of  natitmal  life,  liut  pomeaatm  the 


whi«-li  fH>H>mea  the  aubjt>i*t  —  a  aul'j|<t't  pimer  of  dt«|»layinir  them  to  the  reader 
Itcautifiil  aa  il«  climate,  and  ineihauMilile  %tilh  (treat  (4rarne*«  and  eir«>et.  We  re- 
aa  it*  aotl/* — B,  iMfntrli^  i^-i  Jf. J*.  niettdier  no  ol)i«*r  work  in  ahii'k  the  civil 

"  A  very  ra|nd  and  aummarr  rinMmr  of  «itmliiiun«  and  literanr  a4'hie\ementa  «if  a 
the  ftirtnitea  of  Italv  fr«mi  the'  fall  of  the  |  |H<>i»ple  have  lHN*n  Idfitthsl  in  AUeh  a  acriea 
Monian  Eiit|»ire  to  tW  )irewnt  namtenl. —  J  t»f  h«iii|C  iiieturea,  r^*|irrM*utiri||  aucreaMve 
A  work  of  imluMry  and  lalM>ur.  written  |teri«Mbi(if  hiaton'.*'—.l//j|r Mriwr  JBr ;/!*»«. 
with  a  pHxl  pur)Kaie.— A  liinra-eye  \iew  |  "An  eameat'aikl  eloquent  work.*'-- 
of  the  aulyect  that  will  revive  the  re«-<i4-   JunvMiaer. 

hvtiona  of  the  M-hol«r,  and  ai^ihiee  the  "A  «*wk  rankinit  di«tinclly  in  tke  data 
tyro  into  a  longer  courae  of  rea«liu|[."^  |of  lt<41e»>k'ttres  aitd  well  deveninff  «if  a 
JUkema^m.  library  |ilaea  in  Enirland."— JLiYentrjr  <?«• 

'*  Thia  work  eontaina  more  Information   setle. 
on  tite  auliiect,  ami  more  rrfereneea  to  |     **  A  work  wamdr  admired  bj  cseeOent 
the  pre««*nt   piwtitm  of  Italy,  than  we'judee*.**— riffi/**l/«<f>tfi»e. 
have  aeen  in  anr  reivnt  prvilm-titm.**— |     **Anailmirablew«irk,nrittennithcmit 
Fvrtifim  QimHrrtf  Beriew.  \V^^  *^  l»eanty /•—i'l^.  iMigfHtwrs 

**  In  reference  to  atyle,  the  work  beloce  I  Poeit  umd  Fttrg  '^Smroft. 


-- e-<3^=e<^i 


^ 


IC^^^^^ 


POETRY  AXD  FICTIOX. 


Pof  ms  by  Anna  Bhr kwrlL    Fcap.  Svo,  cloth,  Qt.    P.  Qd, 


Hfarfs  In  lurimaln  anil  Carnrlia*    A  Novel,  in  1  toI.  post 
8ro,  elotli.    Original  price,  10*.  6<l. ;  rcnliiccd  to  &«.    P.  6tf. 

**To  conu»  to  finch  writing!*  m  '  IIcftrt«  '  it  i«  rarrr  »till  to  finil  two  vofl»,  Mdiof 
in  M'trtuuiiu*  ami  *Coni«*Iift'  nftcr  the  .  wbivh  cfintiuna  inall«T  f<»r  two  vc4uin««, 
•nviotira  and  roiit;hn«ii«  of  our  worMly  ,  lionnd  up  in  Ihrte  times  in  one  cover.** — 
ulniifiHe,  is  liki*  lialhini;  in  frmh  waten  !  (Mmerrrr. 

after  the  dust  and  host  of  iMMiilrrxfrtiim.  **T]ie  alKtv^  is  an  extmneir  pleasnif 
...  To  a  p«vuliar  and  attnu-tivo  jgmc^  '  l*<H«k.  Tlie  Ant  sturr  is  wrilt4>n*in  the  an- 
thnr  join  cimsidoraMe  dramstic  |K»wcr,  i  (iquatod  f«trm<if  Iwicni,  Init  itSBim|iKci1^ 
anH  onr  or  two  of  Ihr  c^araHors  are  oim-  ,  and  f^1«Nl  taste  redeem  it  from  the  tedi 
eoiroti  and  executed  wilh  real  |;enius." —  I  misnoM  and  apiH*amnc«  of  ef*olism  whieh 
Prornvfrlirt  Krrieir.  \  (fenerallr  attend  that  style  of  coniposi- 

**  ncAh  storie« runtain  matter nf thonfsht    tion." — ErtmomM, 
and  refloi*tiim  which  w>niM  set  up  a  doxen 
comnKm-place  cnnnilating^Iibrarr  prvduc> 
tions." — £n*Mrii»cr. 

*'lt  is  not  often  now-a-days  that  two 
works  of  such  a  rare  dein^^  o'f  excellence 
inthcirclassaretobefoundinoneTolume; ' 


Well  written  and  interesting.**— iXriljr 
Kem. 

**  Two  Terr  pleasmi?  and  elepint  norela. 
A«»mepaiumces  dixplay  descriptire  powers 
of  a  hii;h  order.*' — Britammia. 


^'orira)  or,  Tales  of  Niirnborg  from  the  Olden  Time. 
Tmnflnted  from  tlic  Oonnnn  of  August  llagm,  Fcp.  8ro,  onia- 
mental  biiKliii^;,  »uitable  for  pivmnitation,  miifonn  with  'Th« 
Artii^t's  ^rarriod  Life.'  Original  priiv,  7«.  Gc/. ;  reduced  to  St. 
P.Ckl. 


"  Tliis  pleasant  Tolume  is  f*ot  np  in  that 
style  of  imitation  of  the  liooks  of  a  een- 
tury  a|^>,  which  h:*«  <»f  late  l)e«'Oine  so 
niiu'h  I  he  Ti>inie.  The  ty]Mifrra|thical  and 
mtH'hanical  dc|»iirtincnl«  or  the  vi»lnme 
aiK'flk  kmdly  for  the  In  Ale  and  entcrpriM* 
enipkiyed  uiMm  il.  Simple  in  its  style, 
quiiint,  pilhy,  rens4innfilv  ]mugent— 'llie 
iHKtk  Hmncks  stn>n|dy  uf'the  picturesque 
old  i\i\\*  f if  which  il  treats.  A  k>n|:  study 
of  lhe*arl-aiiiiqiiilies  of  Nilnilter};,  and  a 
nrafound  acquniiilanee  wilh  the  rccurtls 
letters,  and  memoirs.  Still  preservtHl,  of 
the  liiiiea  of  Alliert  Diirer  and  his  ^reat 
l>r«)ther  arliMfi,  hare  enabled  the  nulh4»r 
to  lay  Itcforc  us  a  forHhly-drnwn  and 
'  liiehlv-finiMhttl  pitiure  of  ait  and  bom«e- 
holtl  life  in  that  wonderfully  art-practiniiii! 
and  art>revcnMiciiig  oldcityof  Gcnnanr." 

*'  A  delicious  Uttle  book.  It  is  AiD  of  a 
qnnhit  pirniKly,  and  charaeteriutl  hy  an 
earnest  simplicily  of  thought  and  dit-lion. 
which  adinirably'conveys  to  the  reader  the 


^^ 


honwelvild  and  artistic  Herman  life  of  the 
timed  t>f  Maximilian,  AIIk-H  Darer,  and 
IlaiM  Sa«'fas,  the  cek>lwaied  euldiler  and 
*  nuster-siufscr,'  as  well  as  nio«t  of  tho 
artist  celebrities  of  NUnilteri;  in  the  Ittth 
ccuturr.  Art  is  the  chief  end  and  ahn  of 
I  UiH  Hi  i  le  liistorv.  It  is  lauded  and  praised 
with  a  sort  of  amistentatiouB  devotion, 
which  explains  the  religious  passkm  uf  the 
eairlv  immklcrs  of  the  ideal  and  the  Wan- 
t ifuf ;  and.  |*t*rhM|rs  thnmisb  a  eonheqnent 
di*eiH*r  (HnH*ciil  rat  i«m uf  I  houirht ,  the  secret 
of  tncir  siHH'ess." — ll>fi-/jr  JHmputek. 

**  A  volume  full  of  inteivst  for  the  lover 
of  old  times;  while  the  form  in  whieh  it 
is  presented  to  us  may  incite  many  to 
think  of  art,  and  kiok  into  its  many  won. 
dn>ns  influences  wilh  a  eurioos  eameat- 
ness  unkiMvwn  to  them  beftNre.  It  noiata 
a  moral  also,  In  the  knowledge  that  a 
peoiile  may  lie  )»mu|;ht  to  take  interest  ia 
what  is  clfeaste  and  lieautiftd  as  in  what 
is  coarse  and  degmding/'^lfuiidkesiirr 
JCnratJMer. 


:^a 
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MR.  CIL1PMA^''S  PUBUCATIOSra 


If  sf cr  anil  EllMr,  w  the  DIsclpIlM  •f  Saffcrittg.    A  Novel. 
Post  aro,  lOtt.  ed.  [/»  /A«  Pnw. 
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The  BrMfsmaM,  Caaat  Sfe pkf a^  aaii  aflier  Pafais.    Bj  MABT 
C.  UUME.    Fcp.  8ro,  doth,  et.    P.AI. 

«*  There  it  m  hearty,  Mhiterstinf  ,  ho|w.  i  gle  aad  lo  the  vidoty."— iromfiiy  JirMr> 
Ad  morml  in  her  lays,  a  rich  imaffliiatioD, '  "'    - 
» treiMury  of  words,  and  n  mMcuKne  Ume, 
eheeriof  the  feint  heeit  oa  to  the  etmg- 


timr. 

«•  FnD  of  thovfifhte  end  hooeflt-hcerted 
atfiviag  ellcr  tnith.''-%JirM. 


The  9it%  af  narace^  trouslated  into  TJnrliymed  English 

Metree,  with  lUiutnitiTe  Introductione  and    Kolee,  by  F.  W. 

NEW31AN,  Profeeeor  of  Latin  at  UniTtiiwty  Col^^  Loodoo. 

Poet  Sro,  doth,  7«.  61K.    P.  Ai. 

%*  The  OoBt  are  to  arraafed,  that  the  introductione  to  them  form  a  amall,  coiw 

tinuout  hiatoiy  of  the  per&iids  and  the  notee  are  cepccialJIjr  nddivmcd  to  nnclamieal 

to  he  aineuUrlr  maeleriT.  It  pre^ieota  a 
nioilel  of  eomC  eonatrttiai;,  S.t,  the  ren- 
derine  of  the  Latin  ori|{tMil  into  the  heet 
and  cloeeet  EagUaheqeivalente."— MVrlr// 
JITeew. 

•«  We  moat  eofdially  tecommeBd  11  r. 
Xewman's  Tolame  to  all  who  are  iai^ 
rested  in  the  mil»|ect  fur  the  aotca."— 
Literarg  OazttU, 

**  Many  of  hb  (tfr.  Xevmaa'a)  metre* 
are  exeeedindy  |4ea«tax  in  oor  eare^ 
■weet,  %ariott«,  aad  aonoreua."— P»»y»r» 
tic9  Meri**^ 


'Mr.  Vewman  haa  Riren  an  elegant 
and,  wheoerw  the  neceasitiee  of  metre 
do  not  forbid,  a  •choUr.Uke  traaaUtion  of 
Horace.  .  .  .  The  note*  are  adndraUe, 
and  are  Uk^  to  be  of  extenMTe  nae  to 
the  ttndent. . . .  Mr.  Newman  has  written 
a  ainffularly  attractive  book,  which  wiO  be 
of  inflnite  nae  to  the  atodeut,  and  of  aoine 
aenriee  to  the  ripe  achoUr  in  helpiiif  him 
to  the  heat  poaMble  proae  English  of  difll« 
cult  jMUMaf{ea.*'— ZVii/jr  Xrra. 

"  Professor  Xewmaa'a  command  of  pare 
and  choice  En^iah  is  everywhere  shows 


The  Sir§e  af  Damasras^  an  llitftorical  Boniance.  Bj  JAM£S 
NISBfiT.  In  3  vola.  poet  8ro,  dotli.  Original  pri<w,  £1.  lU.  ed, ; 
reduced  to  lOt.    P.  Is.  M. 


may  be  pronounced  bfyuod  I  he  axerape  *^ 
modem  no«eUsts  .  .  .  whilst  deiw<riplixe 


*'A  romance  of  very  nnosaal  power, 
such  aa  most  arrest  attention  by  Its  <|ttali-     ^  ..  .  ., ._ 

tics  as  a  work  of  fiction,  and  help  the  good  I  paa«atf«H  mi|;ht  be  selected  that  betray 
cause  of  lil»erty  of  thiwght." — LenJrr.       I  x^ry  high  order  of  ■M.*rit.'*-Oftf«c4cWrr 

**  Thera  is  an  occasinnal  inequaUty  of  1  JBniaMMr. 
style  in  the  writing,  hot,  oa  the  whole,  it  | 


Prrrlasa  t  A  Tale.    Fcp.  8vo, 

"  A  bridgeless  chasm  seems  to  stand 
between  us  and  the  unexfilared  wttrld 
of  feeling.  There  are  iiiauy  faults  in 
'  PrecMMa.'  Imt  we  do  not  he^itale  to  say 
that  there  are  |MSMa;:es  in  it,  which,  for 
the  power  of  tran«ji«>rting  the  reader 
•emus  this  intencning  depth,  and  vt 
cMhing  in  an  iiilcUigible  form  the  dim 
crealiim  of  ivia^kmate  iiUMgination,  have 
sortKcly  a  rival  in  Engli»h  pruae.**— 
3Ioritiujf  CAroM/ffe. 

**  Ma'rke«l  by  qualitiea  which  we  are 
accujit4HiM*d  to  associate  with  the  maturity 
of  a  writer's  powen.''-~0n«r/wa. 


cloth,  7«.0</.     P.6J. 

**  ExouisiteVr  beautiful  writing.  .  .  . 
It  b  Aul  of  «aghs  and  lovrra'  tt«|Mratwfia, 
with  many  charming  famnee  and  poetic 
thoughta.  It  is  l*etrarch  and  Laura  over 
again,  and  the  numerom  qnolatiana  from 
the  Italian  interspersed,  t«uccth4<r  with 
inwge*  auggeirted  by  the  imaswaale  melo- 
die«  (kf  the  great  dmipitscr*,  psetty 
indacale  the  burden  which  rum 
rich,  refrain 


0£<5>p^- 


Bke  a 
throughout.  ...    Of   its 
execution  we  have  the  right  to  aneak  in 
icrmfe  of  aaqualiacd  pfuiae.''->IIWHjr 


HiiyulrA. 


■^'d 
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POETRY  AND  FICTION. 


^     EsuQn,  P»f Hs^  Allf g«rlcs,  adi  FaUft.  BjJANUABYSEABLE.      ^ 

8TiH4ff.    P.M. 

Peter  Joesj    or,  Onward  Bound.      An   Autobiography. 
Itmo^  ptiee  St.    P.  61I. 


lererberaftoM. 
P.M 


Part  I.,  It. 


''In  tUs  Kttle  Tene-pmnpliM  of 
nxtT  or  •evnty  psfn,  we  think  we  tee 
endencf*  of  m  true  poet ;  of  »  fresh  and 
natural  fount  of  genuine  wmc ;  and  of  a 
purpoae  and  ajfinpathj  admiraUT  auiled  to 
the  time*.  .  .  .  The  pun-haaer  of  it  will 
and  himself  richer  in  poawarinf  it  h)' 
manj  wise  and  eharitaMc  thoughts,  nianjr 
generooa  emotions*  and  much  calm  and 
quiet,  jet  deep  reflectioB.''~£niaiiiwr. 


Part  II.,  2#.    Fop.  8vo,  paper 


•«  RemaritaUe  for  eamestnesi  orthonght 
and  strength  of  diction.**— JTsm.  Mtruld. 

**The  author  of  these  riiTniedfarochuret 
has  much  of  the  true  poetic  spirit.  Hek 
always  in  earnest.  lie  writes  (nm  the  Aill 
heart.  ThereisamanKne8S,too,ina]lhia 
utterances  that  especially  reconunenda 
them  to  US.  .  .  .  As  long  as  we  have  such 
*  Kererherations'  as  these,  we  shall  never 
grow  weaiy  of  them."— HVclfjr  JVews. 


The  Tula   Slsten.     By  LUCY  FIELD,  AuthonM  of  *  The  Two 
Friends.*    3  volt,  post  8to,  £1.  lU.  6<l.    P.  U. 

*«*  Of  *The  Twin  Sisters'  "One  grows  up  unalde  to  control  her  passions,  whiln 
the  mind  of  the  other  matures  int4>  a  healthy  fom:  and  to  display  this  is  the  pvfposn 
ofthastMy."  ^  ^^'  '^* 

"The  characters  in  the  'Twin  Sisters'  are  remarknUy  weD  drawn.  .  .  .  The  nord 
is  written  in  a  Tery  sound  and  wholesome  spirit.'*— HV«raiiiw<cr  Seciem. 


Three  Expe  rime  at  t  af  Uvlag  s  Within  the  Means.    Up  to 

the  Means.     Berond  the  Means.   Fcap.  8to^  ornamental  oorer  and 
gilt  edges,  It.    P,6tL 


Aiivenlnrf  s  af  a  Centleman  la  searrh  af  the  Chnrth  of  England 

Fcap.  8to,  cloth,  2s.    P.  Gd. 


^^^ 
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32  MB.  CHAPUAirS  PUBLICATIONS. 


XBisallana 


An    AMl}ilcal    Catal«gM  •f  Ir.  Ckapnan't    PnUlratlMM 

Price U.    Ported. 

*«*  To  enable  tlie  mder  to  Judge  for  himself  of  the  merits  oi 
Mr.  CnAPXA]f*8  publicatioiis,  irrespcctiTe  of  the  opmions  of  th< 
press— whether  Uudatorf  or  othciwise  en  Analytical  GstakgiM 
has  been  prepared,  whicb  contains  an  abstract  of  each  work,  or,  al 
leasts  such  an  amount  of  information  regarding  it  as  will  fiirnisl 
him  with  a  clear  conception  of  its  general  aim  and  scope.  At  tin 
same  time,  (rom  the  waj  in  which  the  Catalogue  is  orawn  up,  il 
comprise*  a  condensed  body  of  Ideas  and  Facts,  in  thcmsdres  ol 
substantiTe  interest  and  importance,  and  is  therefore  intrinsically 
well  worthy  the  attention  of  the  Student. 


Cheap  Baakiy  nni  kaw  la  get  Atm.  Being  a  Beprint  from 
the  WssTMTKBTEm  Bmnxw  for  April,  1852,  of  the  aHide  on  *  Th< 
Commerce  of  Literature  { '  together  with  a  Brief  Account  of  tin 
Origin  and  Progress  of  the  Kccent  Agitation  for  Five  Trade  in 
Books.  By  JOHN  CHAPMAN.  To  which  is  added,  the  Judg^ 
mcnt  pronounced  by  Lord  CampbeD.    Second  Edition.    Price  It, 


A  tf part  af  f ke  Prac fNllags  af  a  Ifethg  (consisting  ckieflj 

of  Authors)  held  May  4th,  at  tlie  House  of  Mr.  John  Chapman, 
142,  Strand,  for  the  purpose  of  hastening  the  rrmoral  of  the  Track 
Best  net  ions  on  the  Commcroo  of  Literature.  Third  Sditkm. 
Prioeiii. 


1 


Twa  Orallaat  agatait  taking  awaj  lamaa  Life,  under  anj 

Circumstances ;  and  in  Explanation  and  Defence  of  the  Misrcpre 
sented  Doctrine  of  Non-Besistance.  By  THOMAS  COOPEB 
Author  of  *  The  Purgatory  of  Suicidca.'  Post  Stou  in  paper  eoror 
1#.    P.W. 


"  Mr.  Cooprr  pMMWti  iuid«iiialile  sbi- 
KtiM  of  BO  nmn  order.  And  moral  eoartee 
tM^rnid  nurny.  .  .  .  The  maiJtneM  ^iui 
whicli  he  uTowii,  ftod  the  buldne**  aimI  seal 
with  which  he  urirea,  the  doctrine*  of  peace 
and  love,  rea|iect  for  hoinaa  ri|[ht«,  and 
moral  power«  m  theae  lectorr*,  are  worthy 
of  all  honour."— 3*<i«e»i(/«irMiii#. 

**  Mr.  Co«>iier^a  iit/le  w  intenaely  clear 
and  fonnble,  and  dia|Jaja  great  earncflt- 
neaa  and  fiiM  human  ajmpalhyj  it  ia  in 

^^s 


*' Theae  two  orations  are  thoroufU; 
imbued  with  the  peace  doetriaea  ahicl 
ha^e  latehrlieen  nakini;  rapid  profreM  i 
many  unexpMHed  qnartera.  To  all  wb 
take  an  interest  in  that  areal  moremenl 
we  would  recommend  this  book,  on  ac 
count  of  the  fcrrid  ehtqnence  and  earnc* 
tnilhAilneaS  which  perrade  ereiy  line  c 
it."— J/«ae*«rfrr  jUumiMt. 


I 
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SUfitt  fer  SMdaj  AftfniMBt* 
ISiiMsdoth,  U.ed.    F.6d. 


By  Un.  DAWSON.    SqiMie 


'*Tliii  b  ft  TCTy  plnwliif  little  toIium, 
whirb  we  Cfta  confideiillT  rrconunead.  It 
M  d^ipied  and  ■dmiraltlT  adapted  tar  tlie 
vse  of  cluMreu  from  fire  to  eleven  jean  of 
aire.  It  pwrpoaea  to  inftiie  into  that  tender 
aire  Mmie  ac|uainUince  witb  the  facta,  and 
tiMte  fur  the  atudv  of  the  Old  Tenlament. 
The  atjle  it  iimple,  caqr,  and  fix  the 


Hie  aloriea  are  told 

IB  a  •poited  and  grqihie  naaner. 

*"no«e  who  are  engaged  in  teadiinf 
the  jottttg,  and  in  lajing  tha  Jbondatioa 
of  good  Aaracter  bj  early  rrli|[ioaa  and 
mond  imiireMiona,  will  bo  thankiU  Car 
additional  reaourcea  of  a  hind  ao  jndkiow 
aa  this  Tolttiu«.'*~/nfairfr. 


Essa}t  bj  talpk  WaMe  EnfniNi*  First  Scries,  embodjing 
the  Cbrmrtioiw  and  Atlditioiit  of  the  Urt  American  Edition ;  with 
an  Introductoi7  Pivface  br  THOMAS  CARLYLE,  reprinted,  hj 
pcrmiesiou,  finom  the  fini  English  edition.    Post  8to^  2«.    P.  6d, 


Essigrs  hgr  talpk  WaMo  Encrssn.    Second  Scries,  with  Pre- 
face by  TUOMAS  a^BLYLE.    Port  Sto^  doth,  St.  M.    T.6d. 

**  The  difllcuU  J  we  And  in  girinc  a  pro- 
per notice  of  tliia  T<4nine  antra  ftvm  the 
pervadinfCttMa  of  its  eiceUence,  and  the 
compreMion  of  its  matter.  l\tth  more 
learning  than  Haslitt,  more  nerqncttitT 
than  Carh'le,  more  vigour  and  d^h  of 
thought  than  AddiKm,  and  with  aa  mnch 
onginality  and  faocinalion  as  anr  or  Ihcm, 
this  volunia  ia  a  brilliant  addition  to  the 
Table  Talk  of  intellectual  men,  be  thej 
who  or  where  they  ntmj"'-Tto»pectice 
Strlew. 

*'  Mr.  Emeraon  ia  not  a  eommon  man, 
and  evenihing  be  wrilet  contain*  tuggea- 
tive  matter  of  much  thought  and  canioat- 


That  Emenon  it,  in  a  high  degree, 
lemed  of  the  facultr  and  xt' 


^ .. J  >-ttion  of  the 

•eer,  none  can  doubt  who  will  eamectlj 
and  with  a  kind  and  reverential  iirint 
peraae  the«e  nine  Eamya.  Me  deah  only 
with  the  true  and  the  eternal.  Hit  pierc- 
ing gate  at  once  aboiitt  twifthr,  turely, 
through  the  outward  and  the  tuperiknal, 
to  the  inniOAt  cautet  and  workingt.  Any 
one  can  tell  the  time  who  looka  on  the 
face  ^it  the  ckick,  but  he  lovea  to  hiy  bare 
the  machinery  and  thow  itt  moving  prin- 
ciple.   Hit  words  and  his  thoughts  are  a 


fresh  qiring,  that  inrigorates  tbeaoid  that 
is  steeled  therein.  His  mind  is  ever 
dealing  with  the  eternal ;  and  those  who 
onh*  hve  to  exerrise  their  lower  inteBc^ 
tttsl  fhcuhies,  and  dedre  onlr  new  lacts 
and  new  images,  and  those  who  hare  not 
a  feeling  or  an  interest  in  the  great  qoea- 
tion  of  mind  and  matter,  eternity  and 
nature,  will  diaregard  him  aa  unintelligi- 
ble and  uninteresting,  aa  they  do  Bacon 
and  Plato,  and,  indcMLphikisoi' 
— DoMgtam  JtrrtUT*  Mujfutima, 

**  Beyond  social  tcience,  becanae  beyond 
and  outtide  social  existence,  there  lies  tha 
science  of  self,  the  devehmment  of  man  in 
his  individual  exiitence,  within  himself 
andfor  himself.  Of  this  latter  acience, 
which  r "         '        "  • 


may  perhaps  be  called  the  philo- 
sophy of  individuality,  Mr.  Emeraon  ia  aa 
able  apoatle  and  interprrter."— Itf^ae. 

**  As  reaards  the  particnkr  Tolume  of 
Emerfon  before  ua,  we  think  it  an  ia^ 
urovement  upon  the  Srst  series  of  Essays. 
The  sul^ecU  are  beUcr  choaen.  TImj 
come  home  more  to  the  experience  of  tM 
mass  of  mankind,  and  are  consequently  j 
more  interesting.  Their  treatment  also 
indieatea  an  artistic  impforemeat  in  thn 


The  BfSBflet  sf  Channliig.    AVitb  an  Introductory  Essay. 
By  WILLIAM  MOUNTFORD.    12mo,  doth,  2m.  Od.    P.  ed. 

«' This  is  really  a  book  of  beauties.  It  is 
no  collection  of  shredit  and  patches,  but  a 
fsitbAil  re|iresentMtive  of  a  mind  which 
deserves  to  have  its  image  reproduced  in 
a  thottiiand  forms.    It  is  such  s  selection 


from  Chsnninff  as  Chsnning  himsrlf  might 
hnve  made.  It  is  as  though  we  had  the 
ehoicest  passages  of  thoaedivinediseoorses 


read  to  as  by  a  kindred  spirit.  .  •  . 
Those  who  have  rrad  *  Martyria'  will  ft«| 
that  no  man  can  be  l>etter  oualiSed  than 
its  author,  to  bring  together  thoaepassagea 
wliich  are  at  once  moat  characteristic,  and 
most  rich  in  matter  tending  to  the  moral 
and  religious  elevation  of  human  bcinga.** 
-^Inquirer, 


'>€^B^^ 


-a€^ 
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•^"^^^^ 


MS.  CHAPHA^S  PUBLIGATION& 


A  few  W«rdt  U  tke  Jcwi.     Bj  OKB  OF  THEMSELTEa 


WillbH  TdB  ImMdt't  Letters  U  a  FeHale  frieai.    A 

Gomplete  Editkm.  TnnsUt«d  trcm  the  Second  QermaB  Editioii. 
By  UATHERIXE  M.  A.  COUP£B»  Author  of  *Vieite  to  Beech- 
wood  Farm,'  'Ln^'t  HiOf-Ginowii,*  etc  S  Tok.  poet  8to,  dolh, 
lOe.    P.U. 


**W«  cordiaOj  rccoouBend  thne  vo- 
HuaM  to  tW  attention  «if  our  readera.  .  .  . 
TIm  work  M  in  cmy  wmj  woHhj  of  the 
duwactcr  and  expmenco  of  its  dittiB- 
goialifd  Mtbor.**~IXi//jr  Jfnrt. 

'«TbM*  Mlnirabto  Icttcn  wra,  we  bo- 
,  lint  introduced  to  noCico  in  En(- 

bj  the  '  Athenvam;'  and  perlia|M  no 

greater  boon  was  e^-er  conferred  upon  the 
Sngliah  reader  than  in  the  fmblication  of 
the  two  Tolames  which  contain  this  excri- 
lent  tmuUtion  of  WilUan  Hnmboldt's 


liere,  Ibi 
UMbrt 


iKMtion  of  n  lengthened  correapondence 
with  hia  IWnaloflnend."— irM<«MWer«W 


•itera,  now  J 
Ipahiidied 


Xniew. 

aeriea  of  W.  too  Hb 

Tor  the  Ural 

complete. 


onlrhlgh  {ntrinrfe  intaiwtt|bnt  m  intertat 
ariaing  ftom  the  tcit  atriklng  dren^. 
ataneea  fai  which  they  originated.  .  .  . 
We  with  wa  had  apnea  to  rnify  onr  ra» 
Biarka.  But  we  thonld  not  know  where  to 
begin,  or  where  to  end  i  we  ham  therefora 
no  alternative  bat  toreoommend  tha  entira 
book  to  careAd  piniaal,  and  to  nraniae  n 
continnaace  of  oceaaional  extmela  into  oar 
colnmna  ftom  the  benntiea  of  thoaght  and 
feeUng  with  which  it  aboan^"~Jf«i. 
eknitr  Etmmdmtr  mmd  JXmm, 

"It  ia  the  ontj  com]riM«  eoQecCion  of 
theae  renarkafala  lettera  which  haa  yet 
been  pobKahcd  in  Bngli^  and  tha  tnna- 
lation  ia  tingnlaify  perfect  i  we  have  wl- 
dom  read  anch  a  rendering  of  Ocrmaa 
thoa^rta  intothaBa^Mitoagaa.'*— CMie. 


Lteal  Seir-UfeniMeBt  and  CeatralhatlMit  The  CharactenBtics 
of  each,  and  its  Practical  Tcndcncica  ae  affecting  Social,  Moral,  and 
Political  Wellare  and  ProgreM :  induding  oomprchcnare  Outlinca 
of  the  Englbh  Conatitution.  By  J.  TOUJ^IN  SMITH.  Poet 
Sto,  doth.  Original  price,  8t.  wf . ;  reduced  to  St.  P.  !§, 
'  Thk  ia  a  Talnablc,  lieeanae  a  thought-  chaptera  of  the  aoundcat  practical  philo- 
*  '       '^  -        ngthemaJETof 


rvader  of  Mr.  Bmilh'a  Tolunie  ^ 

cnw  ba  induced  to  cira  more  weight  to  [  and  hialoty,  and  a  i 

the  important  prindpla  inakted  oo."~    iHtwRht  forward  ft 

rWfe  ifefariae.  without  the  leaat  paraile  or  pedantry/' 

•«  Embra<nng,  with  a  vaat  range  of  con- }  •*  Mr.  Tootanin  Smith  haa  made  a  moat 
atitntiona]  learning,  need  in  a  dngnlarlr  Taluable  contiibotion  to  Engliah  htem- 
attractive  form,  an  elaborate  review  uf  all ,  tare ;  for  he  haa  given  the  people  a  traa 
the  leading  qnealioaaof  our  day.*'~>£rler- 1  accuont  of  th«r  onct  glorioaa  conatita- 
He  JUriew,  tion ;  mora  than  that,  he  haa  given  them 

'*ThM  ia  n  book,  therefore,  of  fanme.  a  book  repleU  iklth  the  eoundeat  and  moat 


1  ajrilem ;  and  wa  miatake  mmh  if  it  c«n  rrrommend  it  to  the  perami  of  aU 
not  take  its  place  in  literature  aa our ,  who  widi  tn  attain  a  compHent  kmiwledga 
Uurd  test.bo<AK  of  the  conrtilution.'*      of  the  hrtiad  and  laMing  bwdt  of  Engli«h 


ndlaating' 

The  niecial  rhaplera  on  local  aelf-go-  conatitutional  law  and  practice.' 
imcntandccatralisatioawillbafoand  im§  MttfHmt, 


OOS$^2^" 


-^65^25! 
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MISCELLAKSA. 


PaMf-Iauid  and  Ae  Ltkes  •t  Eillinicy.   By  a  WYKEHAMIST. 


The  PaUlc  SckMl  latches  and  these  we  Meet  there.  Bj  a 
WYKEHAMIST.    U.    F.6d. 

BIhle  Sterles.    Bj  SAMUEL  WOOD.  2Toli.l2mo,clodi8f.  F.9d. 

Indfan  Pelltlcal  lefenn  t  Being  Brief  Hints,  together  with  a 
Plan  for  the  ImproTement  of  the  Conatitnencr  of  the  Eaat  India 
Company  and  the  Promotion  of  Puhlic  Works.  Bj  JOHN 
CHAPMAN,  Author  of  *The  Cotton  and  Commeroe  of  India,*  etc. 
8to.    U.    P.eii. 

Bartda  anil  BsHhaj}  Their  Pelltieal  lerallty.    A  NamttiTe 

drawn  fifom  the  Papen  laid  before  Parliament  in  relation^o  the 
Bemoral  of  LieuL-CoL  Outram,  C.B.,  from  the  OAce  of  Bcaident 
at  the  Court  of  the  Gaekwar.  With  Ezphmatotr  Notes,  and  Ba- 
markt  on  the  Letter  of  L.  R.  Beid,  Em.,  to  tlie  Editor  of  the  DaUg^ 
Aeicr.  By  J.  CHAPMAN,  Author  of  *  The  Cotton  and  Commerce 
oi  India,  ooniidered  in  Belation  to  Great  Britain.'  Sro.  St.  P.^. 


The  Cettea  and  Ceuuerce  ef  la'is^  Considered  in  Belation 
to  the  Interests  of  Great  Britain ;  witli  Bemarks  on  BaQwaj  Com- 
munication in  the  Bombay  Pnsidcncy.  Bj  JOHN  CHAPMAN, 
Founder  and  late  Manager  of  the  Great  Indian  Peninsular  Bailway 
Company.    8to,  doth.    Original  price,  12s. ;  reduced  to  6s.    P.  Is. 


"Promiset  to  be  ooe  of  the  most  aeeAil 
trMUiwe  th«t  bare  been  fliniiahed  on  tbis 
important  euhiect. ...  It  is  distininuabed 
by  s  GkMe  And  lof(<cel  ntyle,  coupled  nitb 
an eccuracy  of  deteil wbicb w^ in  ncre«t 
mearare,  render  it  s  tezt-book.*'— 3\mm, 
Jam.  SS.  1851. 

**  Marked  by  eoond  good  eenae,  akin  to 
tbebigbeatwiadomoftliettatesman.  Tbe 
antbor  baa  given  to  tbe  public  tbe  noat 
complete  book  we  bare  for  aome  time  met 
witb  on  any  auliject.**— ScOMmmtf. 

"  *'  C^apman'a  great  practical  knoir- 
I  experienoe  of  tbe  anineota  upon 
>  treata  bare  enabled  bim  to  col. 
lect  an  amount  of  information,  founded 
upon  Ibcta,  aucb  aa  we  beliere  baa  nerer 
before  been  laid  before  tbe  public.  Tbe 
all«imporlant  qneetionaofaupph',  produc- 
tion, and  pricea  of  cotton  in  India,  aa  well 
aa  tbe  commercial  and  inancial  qneationa 
connected  witb  it,  are  moat  ably  treated." 
~>lfer»JNg  CkronieU. 

••Written  by  an  intelligent,  pains-tak. 
lag,  and  wett.inAinaed  gentkmaa.  .  .  . 


wnn  on  any  aucigecK. 

"Mr.  C^apman'ai 

ledge  and  experience 

wbicb  be  trcata  bari 


Kotbing  can  be  mora  eorraet  than  bii 
viewa.  ao  ftr  aa  tbey  extend,  bia  anrrej 
and  cbamcter  of  diatricta,  bia  oonchMiom 
aa  to  tbe  supply  tbe  eartb  can  yidd,  and 
bia  aaaertioa  tbat  tbe  coat  of  traaait  k 
wifb  Indian  cotton  tbe  firat  and  rfdlmg 
element  of  prioa.*'-^ZMIjr  JV««». 

*'Mr.  Cbapmaa'a  worE  ia  only  spora- 
daled  in  tbelbbieaa  of  ita  Talne  and  merits 
bjr  tboae  wbo  are  intereaied  intme  or  other 
brancb  of  hie  aubject.  Full  of  data  Ibr 
reaaoning,  repleto  witb  fiMita,  to  wbicb  the 
moat  impttcit  credit  may  be  attached,  and 
free  flrom  any  political  biaa,  tbe  Tolvme  is 
tbat  r«ra,  if  not  ineoffmiia  ee<t,  a  tmtblU 
blue  book,  a  Tolnme  or  aUtiatica  aot  cooked 
up  to  meet  a  theoiy  or  defend  a  practSoa.** 


82^9^5^ 


"Tbe  arTsagement  is  dear,  and  tbs 
treatment  of  the  auttjeet  fai  all  eaaes  mas. 
ierk."— /MTiwijrene. 

*'Ybia  ia  n  comprebensiTe,  nmetleal, 
careAil,  and  temperate  inveati«anoa»**  ete. 
— /Wmm  IfnII. 
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cQ^Xtyg 


MR.  GHAPUAITB  PUBIJCATIOK& 


The  CItH  Aiimtaiftratira  •t  tke  BMibaj  PksMcmj.     By 

KOWSOZJEB  FUBDOONJEB  i  fonnh  Tnniktoraiicl  Iniflrara- 
ter  to  Her  llAJeity't  Supreme  Oourt,  and  Member  of  the  BomMj 
Auocistion.  PuUiihed  in  Snsluid  at  the  req;ueit  of  the  Bombej 
Aiiocuitinn.    8to^  lewed,  tt.    ^.  6dL 


i; 


OVterrattoM  en  Indb.  ByaBendent  there  many  yean.  8to, 
doth,  Sf.  M    T.9d. 

•«Hie  Urt  d%wt  we  here  mr  wtmr^WmU^  IWyeii*. 
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THE  BORROWER  WILL  BE  CHARGED 
AN  OVERDUE  FEE  IFTHIS  BOOK  IS  NOT 
RETURNED  TO  THE  LIBRARY  ON  OR 
BEFORE  THE  LAST  DATE  STAMPED 
BELOW.  NONRECEIPT  OF  OVERDUE 
NOTICES  DOES  NOT  EXEMPT  THE 
BORROWER  FROM  OVERDUE  FEES. 
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